Molecular epidemiology and genomic diversity of small round structured viruses (SRSVs) associated with acute infectious gastroenteritis in Hong Kong. by Tong, Louis Kwok-leung. & Chinese University of Hong Kong Graduate School. Division of Microbiology.
Molecular epidemiology and genomic diversity of 
Small Round Structured Viruses (SRSVs) 
associated with acute infectious gastroenteritis 
in Hong Kong 
Louis, Tong Kwok-leung 
A thesis submitted to the 




The Chinese University ofHong Kong 
in partial fulfillment 
ofthe degree ofMaster ofPhilosophy 
2000 
I 
U L - - . 
/^W^ : 
/ y • • 
? f : l c T ] | | 
^ T ~ _ E R S I T Y ” / M / / 
^^ J^ BRARY SYSTEM/^ r 
^ ^ ^ ^ 
’ 
‘ 
Genome sequence) ( 3[ &&1 17) 
(Epidemiological 
studies) o ^ ^ 
’ 
’ ’ 24 72 /_] 
) ^ 
Reverse Transcription 
Polymerase Chain Reaction, RT-PCR) 
o 
PCR products) 




(Comparative sequence analysis) 
B (Genogroup 
IIB) W.52% (2S142) Lordsdale 
(X86557), Melksham X81879) Camberwell 
U465m) Hawaiian U07611) Snow 
Mountain Agent (L23831) Percentage of 
homology) o TV24 
U02030) Oth25/89/Japan (L23830) 




t rees) (06 02 0 I) 
(c lus ter ) W , 




Norwalk-like viruses are also known as small round structured viruses 
(SRSVs). SRSVs are RNA viruses belonging to the Caliciviridae family with 
extensive serological and genomic variability. Recently, SRSVs are the most 
widely recognized agents of outbreaks of food-bome and waterbome viral 
gastroenteritis. 
In the present study, the importance of SRSVs as a causative agent in 
gastroenteritis in Hong Kong was investigated. This was achieved by 
developing reverse transcriptase-polymerase chain reactions (RT-PCR) for the 
amplification of the polymerase and capsid regions of the viral genome. 
Sporadic outbreaks of gastroenteritis between 1993 and 1998 in Hong Kong 
were also investigated for SRSVs by the developed RT-PCR. The findings 
showed that SRSVs were detected from 30 adults as well as 114 young 
children and in different months through the years. 
Based on the PCR products of the polymerase gene, the sequence 
variability of the targeted polymerase regions of the viral genome and 
molecular epidemiology of 42 SRSVs were examined. Upon comparative 
sequence analysis with other published SRSV sequences, the results showed 
that the local SRSVs could be classified into three main clusters. One of the 
clusters was found to be related to SRSV genogroup IIB (25/42; 59.52%) such 
as Lordsdale virus, Melksham vims Camberwell virus from Australia, Hawaii 
virus and Snow Mountain Agent from the USA. Another cluster of SRSV 
sequences was related to genogroup IIA (5/42: 11.90%) such as the TV24 
vims from Toronto and Oth-25/89/Japan (L23830). The third cluster was 
I 
related closely to JPNN22 (D82330) virus from Japan (12/42; 28.57%). So far, 
no strain related to genogroup I was detected in this study. Jn short, the 
prevalent strains in Hong Kong were related mainly to genogroup II (included 
IIA and Iffi) and the D82330 found in Japan, while the predominant strains 
were mainly related to genogroup H B and D82330. 
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OBJECTIVES OF THE STUDY 
Since the discovery of Norwalk virus in 1968, many different small 
round structured viruses (SRSVs) from different parts of the world have been 
identified. However, the routine investigation on clinical specimens for these 
viruses still depends mainly on direct examination of unconcentrated stool 
specimens by EM. Due to the lack of immune serum for immune electron 
microscopy (IEM) and solid-phase immune electron microscopy (SPIEM), 
dtra-centrifugation ofthe stool sample before investigating by EM is the only 
way to concentrate the viruses for identification. But most of the time, the 
outcome is far from satisfactory. Norwalk viruses, Norwalk-like viruses or 
SRSVs cannot be cultivated in cell cultures and there is no animal model 
established. Besides the low concentration of the virus in faces, the right 
timing to have the clinical samples collected and sent to the laboratory for 
investigation and the expertise needed for EM have hampered the detection 
rate of the viruses. 
Lti order to overcome these problems the development of a sensitive 
and efficient method for the detection of SRSVs is needed. The objective of 
this study was to establish a reverse transcription - polymerase chain reaction 
(RT-PCR) method for the detection of SRSVs in faecal specimens and to 
study the genomic diversity and molecular epidemiology of SRSVs in Hong 
Kong by means ofthe nucleotide sequences of the amplified genome. 
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CHAPTER 1 INTRODUCTION 
1.1 HISTORICAL PERSPECTIVE 
. 
The infectious nature of bacterial agents of gastroenteritis has been 
known for a long time. However, there were still many cases of gastroenteritis 
found in the infants could not be classified as bacterial infections. Viral 
pathogens of gastroenteritis might be taken as the explanation. Echoviruses, 
coxsackie viruses and reoviruses could be cultivated from stool specimens of 
some children with and without diarrheal symptoms. However, they were not 
identified in the large-scale outbreaks of diarrhea. These viral agents might not 
the causative pathogens of the non-bacterial gastroenteritis. Direct EM and 
immunological techniques led to the discovery of the following viruses: 
rotaviruses, adenoviruses, Norwalk and Norwalk like viruses and calicivimses. 
All these discovered pathogens are different from each other with respect to 
size and nucleic acid. 
Norwalk was the name of a town in Ohio, USA, where Norwalk virus 
(NWV) was first isolated in a school outbreak of non-bacterial gastroenteritis 
in 1968 (Adler and Zickl, 1969). The outbreak occurred in an elementary 
school where 50% of232 students and teachers were infected. The secondary 
attack rate among family contacts of the primary cases was 32%. A bacteria-
free filtrate from a stool specimen was investigated but no agent was isolated 
in any cell culture. In 1972, Kapikian (Kapikian et aL, 1972) identified the 
viral agent in faecal material associated with the outbreak in Norwalk by EM. 
The diameter of the NWV was between 27 to 35 nm. Since then Norwalk 
vims and other morphologically similar viruses have been identified as a 
2 
major cause of non-bacterial gastroenteritis in human in different locations of 
the world. These viruses (Table 1) generally named according to the places 
where they were first identified, such as the Norwalk vims, Snow Mountain 
agent (Lambden et al., 1993) Hawaii virus, Montgomery County virus, 
Toronto virus (Lew et al., 1994), Lordsdale virus (Dingle et al., 1995) etc. 
Table 1 Some common names given to SRSVs 
> NorwalkAgent (USA) 
> Montgomery County (USA) 
> Snow Mountain Agent O^SA) 
> Hawaii Agent (USA) 
> Taunton Agent O^K) 
> Southampton Virus QJK) 
> Bristol Virus (UK) 
> Toronto Virus (Canada) 
> Sapporo agent (Japan) 
> Otofuke (Japan) 
Norwalk virus was classified in the family Caliciviridae and possessed a 
capsid structure that was ragged in appearance. NWV is a human calicivirus 
and considered as the prototype of the other small round structured viruses 
(SRSVs). Because of the limitations of giving a name to the related viruses 
based on the location of detection, an interim classification scheme of faecal 
viruses based on morphologic properties was proposed in the United Kingdom 
(Caul and Appleton, 1982). In this proposal, all the small round faecal viruses 
were divided into five groups (Fig. 1). Three of the groups (astrovirus, 
calicivirus and SRSVs) had distinct surface structures when observed under 
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Fig. 1 Interim classification scheme of faecal samples 
Small round viruses divided into two groups One has structured surface 
features and the other one is featureless. The former group includes astrovirus, 
calicivirus and small round structured viruses; while the latter includes 
enterovirus, parvovirus and some 'parvo-like' viruses. 
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/ Cockle, Paramatta 
t — ||| 
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I l Z L 5-6pointed M ASTROVIRUS 
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the electron microscope. The astrovirus had 5- or 6 pointed star appearance. 
The calicivirus had no well-defined edge but surface hollows or depressions. 
SRSV had spikes on the surface of the capsid or ragged in appearance 
(Appendix I). While the other two (i.e. picomaviruses and parvoviruses) were 
also spherical in shape, but they did not have well-defined features. They had 
smooth outer edges and surfaces. Since then the term SRSVs was used for the 
prototype Norwalk virus and the Norwalk-like viruses to distinguish them 
from the other small round viruses found in human faecal samples. 
Serological evidence from a few laboratories in United Kingdom 
suggested that there are at least four distinct serotypes of SRSVs: UK1 to UK4 
(Lewis, 1990). However, Japanese scientists had described nine different 
serotypes (Okada et al, 1990); and six serotypes had been identified in the 
United States of America (Lewis et al., 1995). NorwaDc virus was 
characterized as serotype 1 and the Bristol, Southampton and Melksham 
viruses represented the serotypes 2, 3 and 4 respectively. As a result ofrecent 
advances in molecular techniques (Cubitt et al., 1994; Graham et al., 1994; 
Green et al, 1993, Green et al, 1995; Norcott et aL, 1994; Wang et al, 1994) 
all the diverse groups of SRSVs are now classified as caliciviruses in the 
Caliciviridae family. 
Since the first identification of the virus by EM, this method remained 
as the main diagnostic tool used for routine investigation. Diagnosis mainly 
relied on the observation of distinctive virus-like particles in the faecal samples. 
Most of the investigations were done by immune electron microscope (IEM) 
with acute and convalescent sera from the same patient. Other immunoassays 
that had been used were radio immunoassay (RL\) (Blacklow et al., 1979), 
5 
Enzyme immunosorbent assay (ELISA) (Gray et a/.,1985), Western Blotting 
(WB) (Hayashi et al.’ 1989) etc. However, these assays had to rely on reagents 
derived from post-infected human. SRSVs cannot be cultivated in any cell 
cultures and there are no animal models as well. In addition, the quantity ofthe 
virus in faecal samples is very low. The virus is excreted in lower quantities as 
compared to other viruses found in human stool, such as rotavirus and 
adenovirus. A minimum of 10^  particles/ml of feces is required for detection by 
means of EM. There is another limitation that hinders the study of the viruses 
in the past three decades. Most of the SRSVs are only detectable in faecal 
samples within 24 to 72 hours after the onset of symptoms (Caul, 1996a). The 
chance of detecting of the virus will be diminished if stool specimens are 
obtained after this critical period. 
In the past f ew years, reverse transcription - polymerase chain reaction 
(RT-PCR) has been introduced for the identification of SRSV RNA in faecal 
samples (Hale 1997; Moe et al, 1994; Jiang et al, 1992b). Later, this 
molecular technique was used as a diagnostic and genotyping tool to 
differentiate the antigenetically distinct viruses as determined by solid phase 
immune electron microscopy (SPIEM). Two genogroups were identified by 
comparing the ORF 2 amino acid sequences using the multiple alignment 
Clustal method (Caul, 1996b). They were genogroup I and genogroup 11. The 
first one includes Norwalk virus, Southampton virus. Desert Shield virus, while 
the latter includes Hawaii virus, Mexico virus. Snow Mountain agent, 
Melksham virus and Bristol virus (Table 2). Within the genogroup II SRSVs 
can further be sub-grouped into genogroup HA and lJB. 
6 
Table 2 The genetic relations of SRSV capsid. 
Comparisons of ORF2 (capsid) amino acid sequences by multiple alignment 
Clustal method reveals two genetic groups (Caul, 1996b): Genogroup I and 
Genogroup 11. 
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The complete sequences of NorwaUc virus (Jiang et al 1993), 
Southampton virus (Lambden et al, 1993) Bristol virus (Green et al., 1994) 
and Lordsdale virus (Dingle et al, 1995) have been reported. Other partial 
sequences for different genomic regions have also been made available from 
the GenBank. Based on the published sequences of SRSVs and other newly 
characterized calicivirus strains from South Africa, the United States and the 
United Kingdom (Berke et al” 1997), a phylogenetic relationship of the virus 
in the genus Calicivirus in the family Caliciviridae had been developed. In the 
study, the RNA-dependent RNA polymerase and capsid genes of human and 
animal caliciviruses were classified into five genogroups. They are small 
round-structured viruses (SRSV), Sapporo-like human calicivirus, hepatitis E 
virus (HEV)-like human calicivirus (HuCV), rabbit calicivirus-like animal 
caliciviruses (AnCVs) and vesicular exanthema of swine vims (VESV)-like 
animal calicivirus (Table 3). 
8 
Table 3 Phylogenetic Analysis of the Calicivinises 
The analysis suggested that caliciviruses include five potential virus 
subfamilies (Berke et al., 1997): SRSV, Sapporo-like human calicivirus, 
hepatitis E virus (HEV)-like human calicivirus (HuCV), rabbit calicivirus-like 
animal caliciviruses (AnCVs) and vesicular exanthema of swine virus 
(VESV)-like animal calicivirus. 
















3. Examples of Hepatitis E virus 
> HEV-Burma 
4. Examples of rabbit calicivirus-like animal caliciviruses 
> RHDV 









1.2 CUNlCAL FEATURES OF HUMAN SRSV INFECTION 
SRSVs are usually spread by contaminated food and water (Table 4). 
Secondary person-to-person transmission can also be the main route of 
infection. Water is the most common source of outbreaks that may involve 
municipal supplies, wells, recreational lakes, swimming pools and stored 
water aboard cruise ships. Contaminated shellfish, salad ingredients, uncooked 
and undercooked clams and oysters often cause SRSV infections. Food 
contaminated by ill food handlers is also a main route for the spreading of an 
outbreak. The incubation period of the viruses is between 10 to 50 hours with 
a mean of 1 to 2 days. Clinical severity of disease is dose dependent. However, 
the infectious dose is unknown but presumed to be low. The symptoms are 
usually mild and self-limiting. Illnesses usually last less than 1 to 2 days and 
do not require hospitalization. Common symptoms include malaise, abdominal 
cramps, pyrexia, diarrhea and/or vomiting. Headache and low-grade fever may 
occur. Secondary transmission to close contacts is characteristic of these 
viruses. Explosive projectile vomiting or diarrhea, or both, is another 
characteristic feature ofthe viruses (Caul, 1996a). Sub-clinical infections are 
also common in children. The mortality rate is extremely low in the absence of 
other complicated factors (Evans et ah 1998) (Table 5). The two pathogens 
that cause the highest and lowest fatality rates in gastroenteritis (GE) occurred 
in the UK in 1995 and 1996 were Escherichia coli 0157 and SRSV 
respectively. Reports showed that the fatality rates of SRSV were very low 
and the range was from 0.03 to 0.05. When compared with the other GE viral 
pathogen Usted in Table 5 rotavirus had higher fatality rates that were about 
six to thirteen times higher than the ones for SRSV. 
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Table 4 Food vehicles confirmed by microbiological, statistical or 
descriptive evidence in England and Wales: 1995 and 1996 
(Evans^flA, 1998). 
" ^ • ^ ^ ^ * ^ • • • • " ^ • • ^ • ^ • • ^ • " ^ ^ ^ T f " ^ ^ ^ ^ " " " ^ 
z > ‘ » - > lkX.^ ^^^ - , ‘ ^ i4 V > 
", ^ < ;A - \ ^ " Y “ > <"? 
m^^^M^U^^' n::k i ^ \ ; / , - : : ^ m ^ m ^ ^ 
' ^ ™ ^ ' ^ ' - - ^ " - “ , oatBr^ks - - ' , 
. " , ’ - V ' , >? : <:/‘” _ >: $ 
r ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ j ^ ^ ^ ^ ^ ^ ^ 
Eggs (dishes containing 75 SRSV (1) 
raw/lightly cooked eggs) 
Poultry 74 SRSV (3) 
Red meat/ meat products 56 SRSV (1) 
Bivalve shellfish 12 SRSV (1) 
Other shellfishAnixed 12 SRSV (1) 
shellfish 
MiUc/dairy products 13 SRSV (1) 
Salads, vegetables and 23 SRSV (6) 
fruits 
Miscellaneous (e.g., 48 SRSV (4) 
sandwiches, pasta, trifle) 
_ 1 ^ ^ _ ^ ^ ^ ^ ^ _ ^ ^ 1 J _ j g ^ ^ g 1 _ 1 0 1 g 1 1 1 1 i H H M H i H H W i 
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Table 5 Case fatality rates in general outbreaks of infectious intestinal 
disease in England and Wales: 1995 and 1996 QEvans et al’ 
1998). 
The fatality rates of SRSV were very low and the range was from 
0.03 to 0.05. 
2f , i 1995 case fota_ 1996 case ftWUtj^ 
^ g ^ • : : “ ^ ) ; ; . ^ ^ .:_ 
Escherichia coli 0157 9.1 2.2 
Clostridium difficile 1.2 0.6 
C. perfringens 0.6 ~ 
Salmonellas 0.3 0.8 
Rotavirus 0.3 0.4 
SRSV 0.05 0.03 
1.3 EPIDEMIOLOGY 
SRSVs are responsible for sporadic cases of non-bacterial 
gastroenteritis (GE) in the community and for the general outbreaks, hi the 
United States, the Centers for Disease Control and Prevention (CDC) in 
Atlanta reported that between 1976 and 1981 SRSVs caused 42% of non-
bacterial outbreaks of acute gastrointestinal iUness in semi-closed 
communities such as recreational camps, military camps, aircraft carrier, 
hotels, cruise ships, schools, hospitals, and in nursing homes OBlacklow and 
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Greenberg, 1990; Ho et al., 1989; Jiang et al., 1996; Sharp et aL, 1995). 
Approximately 43% of all non-bacterial GE also reported to be caused by 
SRSVs between 1995 and 1996 in England and Wales (Evans et al, 1998). 
The viruses are common in different parts of the world. Besides those cases 
reported in UK (Green et al., 1995a,) and USA (Fankhauser et al., 1998), there 
were also reports from Australia (Wright et al., 1998), Canada (Lew et al., 
1994) Japan (Matsuno et al., 1997), Netherlands (Vinje and Koopmans, 1996), 
South Africa (Wolfaardt et aL, 1997). The viruses have been detected in 
vomitus as well as faces of affected patients. Although SRSVs are not thought 
to be spread by the respiratory route, there were reported cases suggesting that 
the viruses might be spread via aerosol droplets of the projectile vomitus (Caul, 
1994; Chadwick and McCann, 1994). This may explain the explosive nature 
of outbreaks of SRSV in semi-closed communities that cannot be accounted 
for the faecaVoral mode of spread. Li an outbreak described during 1980s in 
the UK involving bakery products contaminated by infected food handlers, 
3,000 people were infected. Hospitals and schools in the area were closed 
(Kuritsky et al, 1984). In 1992, there was another outbreak of SRSV 
infection following a buffet meal on a training day for teachers in the UK. t i 
this outbreak, many schools were affected. There was also an Australia-wide 
outbreak of gastroenteritis caused by NorwaUc vims contaminated oyster in 
1979 and more than 2,000 people were infected (Murphy et al, 1979). 
SRSV infections occur in different periods of the year with no apparent 
seasonal peak. Different age groups are affected. In the United States, 20% of 
children have acquired antibody for SRSV by the age of 5 and the proportion 
of persons with antibody rise to about 50% by the age of 50 ^Capikian and 
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Chanock, 1990). Similar serological prevalence studies of Norwalk Virus 
infections in Japan and Southeast Asia using enzyme immunoassay (ELISA) 
with recombinant Norwalk virus capsid protein produced by Baculovirus 
expression system (Jiang et aL, 1995; Parker et al., 1993) showed a sharp rise 
in antibody during school age and early adulthood followed by a steadily 
increased reaching 98% after the age of 50 C^umata et al. 1994). When 
compared with the antibodies acquired to Norwalk virus, the ones for rotavirus 
were usually acquired during the infancy and childhood. Therefore more than 
90% ofindividuals would have antibodies to rotavirus by three years old. 
1.4 PHYSICAL CHARACTERISTICS OF SRSV 
SRSV cannot be cultivated in any cell cultures or in human embryonic 
intestinal organ culture. There are also no experimental animal models 
established. When examined under the EM, the viruses have an amorphous 
surface and ragged outline but no organized geometric symmetry. Most ofthe 
viruses have a diameter range from 30 nm to 35 nm. Buoyant density in 
cesium chloride gradient is reported to be 1.36 - 1.41 g/ml (Greenberg et al, 
1981). The virus has a single structural protein of molecular weight 59 kDa 
(Greenberg et al., 1981) and a soluble viral protein of 30 kDa (Greenberg et 
aL, 1981). The soluble protein was shown to be a cleavage product of the 
capsid protein (Hardy et al, 1994). A similar nonstructural viral protein with a 
molecular weight of29 kDa has been reported in calicivirus (Schaffer, 1979). 
The protein structure is similar to the other members of Caliciviridae. For 
instance, the serologically distinct Snow Mountain agent has a structural 
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protein of62 kDa (Madore et al, 1986). The human calicivirus reported from 
Japan also had a structural protein of 62 kDa (Tarashima et aL, 1983). 
1.5 STABILITY OF NORWALK VIRUS 
Norwalk virus can tolerate extreme conditions and retain its infectivity. 
It had been shown that Norwalk virus could retain its infectivity after exposure 
to pH 2.7 for 3 hours at room temperature (Appleton, 1992). The virus can 
also remain viable in cold and freezing temperatures. In addition, it had also 
been shown that the virus was stable in 20% ether at 4°C for 18 hours (Dolin 
et al, 1972). Norwalk virus remains infectious for volunteers after heating to 
60 C for 30 minutes (Appleton, 1992). However, normal cooking processes 
can inactivate the Norwalk group viruses. Norwalk virus is more resistant to 
chlorine than poliovirus type 1 or human rotavirus. It is inactivated with 10-
mg/liter of chlorine, which is the concentration used to treat a water supply 
system after a contamination incident (Appleton, 1992). 
1.6 DIAGNOSTIC TOOLS FOR SRSVS 
Although the detection of SRSVs in faecal specimens and antibody 
response to the viruses could be showed by means of immunoassays such as 
radioimmunoassay (Blacklow et al., 1979) enzyme-linked immunosorbent 
assay (Gray et al, 1985) and Western blotting (Hayashi et aL, 1989) all these 
assays required the production of specific hyperimmune serum or monoclonal 
antibodies which were not generally available in the routine diagnostic 
laboratories. Only a few laboratories that have paired sera from human 
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volunteer studies can perform specific diagnosis of the disease. However, such 
problem had been overcome by the in vitro production of Norwalk virus 
capsid antigens and its expression in baculovirus systems (Jiang et al 1992a). 
The virus-like particles were synthesized by cloning and expression of the 
single structural protein for NWV in a baculovirus expression system. When 
the recombinant capsid protein was expressed, the viral proteins would 
spontaneously self-assemble to form virus-like particles (VLPs). They were 
morphologically and antigenically identical to the native NWV but lacking 
viral genetic material necessary for replication in the host. As a result of this 
recombinant technique, VLPs can be used as an antigen source in 
immunoassays. Since then, the expressed Norwalk virus capsid antigen had 
been used to study antibody levels to the virus in a number of different 
populations O^umata et al, 1994; Parker et al 1994 1995; Dimitrov et cd 
1997; Cubitt et al 1998). Antibodies to the recombinant Norwalk virus-like-
particles had also been used to develop antigen capture assays for virus 
detection in fecal samples. However, EM remained as an important diagnostic 
tool to detect SRSV and other GE viruses due to the antigenic differences 
among SRSVs. 
1.7 GENOMIC ORGANIZATION OF SRSVS 
Complete nucleotide sequences ofNorwaDc and Southampton Viruses 
had provided detailed information on the genomic organization of SRSVs. The 
genomes of other SRSVs were also successfully cloned using the primers 
designed based on the entire sequences of these two viruses. Results showed 
that the SRSV genome is a single-stranded RNA of positive sense with a size 
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ofat least 7.5-kb with a poly-A (polyadenylated) tail at the 3' end. The SRSV 
genome has three open reading frames (ORFs) which are characteristic of the 
Caliciviridae (Fig. 2). The sizes and locations of the three ORFs are very 
similar to those ofthe feline calicivirus (Matson et al, 1995). The first ORF 1 
encodes the non-stmctural polyprotein based on the similarity of this sequence 
to that of the picomavirus 2C helicase, 3C protease, and 3D RNA-dependent 
RNA polymerase. The second ORF 2 encodes the viral capsid protein of 530 
aa. This capsid protein can self-assemble to form virus-like particles that are 
very useful for the development of an ELISA used for the measurement of 
antibodies against NWV or NWLV. The function of ORF 3 still remains 
unknown. With this available genetic information, SRSVs or Norwalk-like 
viruses are classified as members of the Caliciviridae. Southampton (SOV) 
(genogroup I) virus and Lordsdale (genogroup II) virus are very similar to 
each other with respect to the locations and lengths of the three ORFs (Fig. 2). 
However, the overall length of the human calicivirus (HuCV) is shorter than 
the two viruses just mentioned. HuCV has longer ORF 1 but shorter ORF 3 
than SOV and Lordsdale viruses. In addition, the ORF 3 is overlapped with 
the ORF 1 in the human calicivirus. 
i. 
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Fig. 2 Organizations ofthe SRSV genomes (Genogroup I and Genogroup 
II) and human caUcivirus (HuCV) (Caul, 1996b): 
They all had the characteristic of the Caliciviridae. Three ORFs were 
found in each ofthe caliciviruses. However, the overall length ofHuCV 
is shorter than the genogroups I and H. 
A. Southampton (genogroup I) 
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1.8 MOLECULAR TECHNOLOGIES 
Recent advances in molecular techniques had given an alternative way 
to investigate and classify the SRSVs. RT-PCR methods have been developed 
to detect SRSVs in faecal specimens, vomitus and even contaminated oysters 
(Green et al, 1998). RT-PCR is more sensitive and had a higher detection rate 
than EM. Because ofthe detection limit ofEM, RT-PCR could detect SRSVs 
two to seven days beyond the 'diagnostic window which referred to the 
period of 48 hours after the onset of GE related to SRSV when EM is used to 
detect the viral infection (Luthi et al” 1996). In addition, the SRSVs strains 
can be further categorized by sequencing the amplicons of the RT-PCR. 
Applications of these techniques were useful in molecular epidemiological 
surveillance of SRSV infections (Ando et al” 1995a and 1995b; Noel et al” 





CHAPTER 2 MATEmALS 
2.1 FAECAL SAMPLES FROM 1986 TO 1992 
A total of 27,618 fecal samples with clinical diagnosis of acute GE 
were received by the Government Virus Unit, Department of Health, Hong 
Kong Government, from 1986 to 1992 (Chan et al., 1994). Most of the 
samples were from public hospitals. The mean rate of detection ofviruses was 
16.7% (4,614/27,618). Out o f t h e s e 4 ,614 positive samples, 100 were positive 
for Norwalk-like virus by direct EM. This accounted for 2.2% (100/4,614) of 
all the EM positive samples detected during the period of study. These 
specimens were used as the retrospective samples to compare with the results 
ofthe RT-PCR for SRSVs. 
2.2 OTHER FAECAL SAMPLES FROM 1995 TO 1998 
Four Norwalk-like viruses were identified in stool specimens in 1995. 
They were all from sporadic cases of GE. There were also three GE outbreaks 
in July of 1996 (7 specimens), in December of 1997 (30 specimens) and in 
March of 1998 (3 specimens). The last two outbreaks occurred in a 
kindergarten; and a hotel in Hong Kong Island respectively. The observed 
common symptoms of the above outbreaks were vomiting, diarrhea, 
abdominal pain or/and fever. 
2.3 AGE GROUPS OF ALL THE SAMPLES 
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Majorities (83.7%) ofthe samples from the patients for the years from 
1986 to 1992 were under 1 year old. The rest of the samples were from 
patients at the age of one to ten. The age of patients for the samples collected 
from 1995 ranged from eight months to two years old. The specimens for the 
SRSV outbreak in 1996 were from adults (age from 25 to 44); while the 
specimens collected in the outbreak involving kindergarten in 1997 composed 
ofboth young children and adults (age from 3 to 48). The clinical specimens 
in the last SRSV outbreak in March 1998 were from three young adults (27 to 
37) who had GE after the consumption of some contaminated oysters in a 
hotel. In total, 144 specimens were tested in this project. All the specimens 
were stored in 10 to 20% of rotavirus transport medium and kept at -20°C. 
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CHAPTER 3 METHODS 
3.1 EXTRACTION OF RNA FROM PATIENT STOOL OR VOMIT SAMPLES 
The isolation ofhigh quality viral RNA is very essential for the process 
of RT-PCR for SRSV. The presence of RNAase will decompose the viral 
RNA. The RNAase may be present in contaminated glassware, plastic ware, 
reagents and even the hands of an experimenter. Therefore it needs to be 
avoided in the procedures involved RNA extraction. The procedure for the 
RT-PCR used in the present study was adopted from Prof. Owen Caul's 
laboratory at Bristol, UK. 
Viral nucleic acid was extracted from 0.1 ml of 10% faecal emulsion. 
Boom's extraction method was used (Boom et al, 1989). The procedures were: 
0.1 ml of faecal emulsion was transferred into a 1.5 ml microfuge tube 
containing 0.5 ml TRI reagent (Sigma Chemical Company, USA) (Tse and 
Etienne, 1996). The tube was vortexed and placed on a shaker for 10 minutes 
at about 1,800 rpm. One hundred microliters of chloroform (Aldrich) was 
added. The contents were vortexed and placed on a shaker for 10 minutes at 
about 1,800 rpm again. The microfuge tube was centrifuged at 13,000 rpm for 
five minutes at room temperature. The aqueous phase was transferred into a 
fresh 1.5 ml microfuge tube containing 40 ^1 silica (Sigma Chemical 
Company, USA) and 1 ml of L6 buffer. The contents were then vortexed and 
placed on a shaker for 10 minutes as described before. After the shaking, the 
tube was centrifuged at 13,000 rpm for 5 seconds. The supernatant was poured 
into a waste bottle containing 3M NaOH. The silica pellet was washed with 1 
ml ofbuffer L2 buffer. The silica pellet was resuspended by vortex mixing to 
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disperse the pellets completely. The contents were centrifuged at 13,000 rpm 
for five seconds. The supernatant was removed as described before. The 
washing step was repeated twice with 1 ml 95% (v/v) ethanol and one time 
with 1 ml ofacetone. The washed pellet was dried at 60°C for 10 minutes by 
placing the open microfuge tube in a heating block. A volume of 55 i^l of 
sterile water was added to the tube and the lid was then closed. The contents 
were incubated at 60°C for two minutes and then vortexed briefly to resuspend 
the silica. The incubation was continued at 60 C for a ftoher 10 minutes. 
Finally, the silica was pelleted in a microfuge at 13,000 rpm for one minute. A 
volume of 35 i^l of the supernatant was transferred to a fresh microfuge tube 
containing 20 i^l ofcDNA master mix for cDNA synthesis. 
3.2 REVERSE TRANSCRIPTION POLYMERASE CHAIN REACTION (RT-
PCR)FORSRSVs 
3.2.1 Principle of RT-PCR assay for SRSV 
After the extraction of viral RNA from stool or vomitus, the RT-PCR 
assay was based on the following three processes: 
(1) Reverse transcription of viral RNA to generate cDNA; 
(2) Polymerase chain reaction (PCR) of the cDNA and 
(3) Detection of PCR product with expected size by agarose gel 
electrophoresis. 
25 
3.2.2 Reverse transcription (cDNA Synthesis) 
Multiplying the following ingredients by the number of clinical 
samples and controls plus one extra made up the cDNA master mix: 
1. 5x Reverse Transcriptase Buffer (Promega Corporation, USA)……11 M<1 
2. Double distilled water ff)DW) 5.5 M-1 
3. 10 mM Deoxynucleotides (dNTPs) (Pharmacia Biotech) 2.5 |il 
4. Random Hexamers (Gibco BRL, UK) 0.5 i^l 
5. 200 units MMLV Reverse Transcriptase (Promega, USA) 1 i^l 
Briefly, 20 i^l of cDNA master mix was aliquoted into a microfuge 
tube for each reaction. A volume of 35 t^l of RNA extract was added to the 
aliquot of cDNA master mix. Same volume of DDW was used as a negative 
control for the RT reaction. The contents in the microfuge tube were dispersed 
by pipetting up and down for a few times. Then they were incubated at 37 °C 
(water bath) for one hour. 
3.2.3 Polymerase chain reaction 
The Taq polymerase used in this work was purchased from Promega 
Corporation, USA or Pharmacia Biotech. Thermal cycling was performed by 
either in a Perkin-Elmer thermocycler 9600 or 9700. The choice of the 
oligonucleotide primer sequences was based on published methods (Green et 
al., 1995b). For the SRSV sequences available in the GenBank, we may notice 
that even within a short sequence ofthe polymerase region, there is still a high 
degree ofgenomic variation. For this reason, there is no single set ofuniversal 
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conserved primers that can be designed to amplify all strains of SRSV. 
Therefore the use of degenerate primers will be the first consideration. They 
are mixtures of similar primers. In addition, most people like to use inosine in 
their primers at the positions that any of the four bases might be needed. 
Inosine is a purine that can form bases pairs with cytidine, thymidine and 
adenosine. In addition the use of one inosine will reduce the degeneracy ofthe 
primer pool 4-fold. In this project, primers containing inosine from 
polymerase regions (nt 4715 to 4869) were used (Table 6). These primers 
were custom-made by GIBCO BRL, UK. The oligonucleotides were desalted 
and delivered in lyophilized form. They were reconstituted in 1-mL DDW and 
stored as a stock at -20 C. They were then ftoher diluted in an appropriate 
volume of sterile water to give a concentration of 50 \ig/m\ and used in the 
RT-PCR, Using inosine in the primers requires that the polymerase used in 
the PCR reaction be capable of synthesizing DNA over an inosine-containing 
template. Taq polymerase is capable of doing this role. 
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Table 6 Primers from the SRSV polymerase regions and the 
expected sizes of the PCR products 
i | ^ W i F f f f ^ ^ W P ^ P ^ ^ " * W * ^ T ^ ^ ^ ^ ^ ^ S ^ ^ ? ^ ^ I J J J ^ ^ ? * ^ ^ ^ ^ ^ ^ 
¢:^2:^%-' <- : ' \'v«^>>>i> ^^ "^ - vjN - -^- >• . _^  ‘ h / \: \ ’ :>^: '.-•^ ',v^  -^fStoBOr**^ ' /> «--^  /^ ‘ ^ .^w 
mMSr^Mrnmmmms^mm 
;::4 3.^ ^ ^ : . ^ ^ ^ :::!. ; 8 ^ 3 : : : ^ . :<:; 
Group I 
sense GAI GGI CTI CCA TCW GGI T T | CC 
primer, 155-bp Pol 
(GLPSG1) [5'(4715) > 3 (4737)] 
Group II 
sense G>^ GG| Clf c c | TCK ] GG| Glf CC 
primer, 155-bp Pol 
(GLPSG2) [5'(4715) > 3' (4737) 
Universal 
anti-sense 
P r AC_ ATY TC_ TCA TC| C _ A|A A 
For Group l55-bp Pol 
I and [5'(4869) > 3,(4847)] 
Group II, 
0^GDD1) 
Remark: KJB group codes for identifying degenerate are shown in Table 7. 
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Table 7 IUB Group codes for degenerate oligonucleotide primers 
R = A + G 
Y = C + T 
K = G + T 
S = G + C 
W = A + T 
H = A + T + C (notG) 
B = G + T + C (notA) 
D = G + A + T (not C) 
V = G + C + A (not T) 
N = A + G + C + T 
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Briefly, two master mixes were made up for each specimen. One for 
Genogroup I SRSV primers (GLSPG1 and YGDD1) and another for 
Genogroup II SRSV primers (GLSPG2 and YGDD1). The anti-sense primer, 
YGDD1 were in common for both of the genogroup I and II. Multiplying the 
following ingredients to make up each master mix by the number of clinical 
samples and controls and one extra. 
1. 10x PCR Buffer (Promega Corporation, 2.0 ^1 
USA) 
2. 25 mM MgCl2 (Promega Corporation, USA) 2.4 p,l 
3. 10 mM dNTPs (Pharmacia Biotech, USA) 0.4 i^l 
4. DDW 9.2 ^1 
5. Primer 1 (Universal common anti-sense, 2.0 ^1 
YGDD1) 
6. Primer 2 (Group specific; either GLPSG1 2.0 ^1 
or GLPSG2) 
7. Taq DNA polymerase (Promega Corporation, 0.75 units 
USA) 
A volume of 18 i^l ofeach PCR master mix (10 mM Tris-HCl \pE 9.0 
at 25 C] 50 mM KC1, and 0.1% Triton X-100; 3 mM MgCl2, 200 i^M 
deoxynucleoside triphosphates, 0.6 ^M primers and 0.75 U Taq polymerase) 
was aliquoted to each PCR microfuge tube. A volume of 2 [d of cDNA was 
added to each PCR tube containing an aliquot of Group I master mix and a 
second tube containing Group II master mix. A fresh micropipette tip was 
used in each delivery. The sample tray was carried to the PCR product room 
for PCR. The thermal cycling conditions were: 
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(a) Two minutes and 40 seconds at 94°C for initial denaturation; 
(b) 20 seconds at 94°C, 20 seconds at 50°C and five seconds at 72°C for 35 
cycles of amplification. 
The PCR products were stored at 4°C ovemight, or analyzed immediately by 
agarose gel electrophoresis. 
3.2.4 Electrophoresis (in the PCR product room) 
A 2% agarose gel was prepared by dissolving 1.2g agarose in 55 ml 
distilled water in a 100 ml bottle in a steamer or boiling water bath for about 
30 minutes. Heating in a microwave oven was also used as an alternative 
method. The contents were mixed thoroughly to ensure complete dissolution. 
A volume of 2.5 ml of 10x TBE buffer and 5 \i\ of ethidium bromide (10 
mgAnl) were added to the dissolved agarose. The contents were mixed and 
then poured into a gel cast when the temperature had cooled down to about 
60°C. When the gel was set, the upper and lower combs were removed and 
the gel was placed in the tank (Wide Mini-Sub Cell GT from BioRad) 
containing 0.5x TBE buffer (550 ml distilled water 25 ml 10x TBE buffer, 50-
p,l Ethidium bromide 10 mg/ml). The upper and lower first and last wells 
were reserved for the molecular weight marker: DNA Ladder 123 (Sigma 
Chemical Company, USA). The rest of the upper wells were used for the 
products of samples and controls amplified with genogroup I specific primer 
set. The lower remaining wells were for the corresponding samples and 
controls amplified with genogroup II specific primer set. A volume of 2 i^l of 
loading dye was transferred to each well of a microtitre plate (one well for 
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each PCR reaction). Then 16 i^l of the PCR product was added and mixed with 
the dye by pipetting up and down. The samples were then transferred to the 
wells of the agarose gel. The gel was electrophoresed for about thirty-five 
minutes at 120 volts. The gel was then placed on an UV transilliuninator and 
viewed in a dark room. Photographs were taken with a handheld Polaroid 
camera and instant black and white films, 665 from Kodak. The exposure 
time was about 5 sec and /-stop used was 5.6. 
3.2.5 Controls for PCR assay 
Since this was a single step ofPCR, contamination of the PCR samples 
had not been a main problem. However, the recommendations of Kwok and 
Higuchi (Kwok et al, 1989) were strictly adhered to. Briefly, cDNA and PCR 
reaction mixes were prepared in a dedicated "clean room"(i.e. the reagent 
preparation room). Sample preparation was performed in another separate 
room, which was also used for adding cDNA to the already aliquoted tubes 
with PCR mix. At least one genogroup I and one genogroup II positive 
controls were included in each run of the assay. In addition, at least one 
negative control (e.g. sterile water) was also included. All of the samples, in 
this project, had been tested for at least twice for the RT-PCR. 
3.2.6 Interpretation of SRSV polymerase gene PCR 
The presence ofa 155-bp Group I PCR product indicated a SRSV genogroup I 
positive result. The presence of a 155-bp group II PCR product indicated an 
SRSV genogroup II positive result (Fig. 3A). The expected bands of 155 bp 
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Fig. 3A Sequences of primers, sizes of products, regions of 
ampUflcation of PCR (pol) assay. The size of PCR product is 
indicated (in base pairs). The primers are located in the RNA-
dependent RNA polymerase gene in the ORF 1. 
[ORF2 j 
^^^^m • 




were located approximately between the first (123bp) and the second (246) 
fragments of the DNA Ladder 123. The presence of both 155-bp PCR 
products of genogroups I and II indicated a SRSV positive result without 
genogroup determination. The absence of expected size or presence of 
incorrect sized products was regarded as negative by the PCR. Bands of 
primer-dimers could be observed in the gel. They were located below the first 
fragment ofthe DNA marker. Some ofthe samples having ‘shifted band’ the 
appearances of bands very close to the position of the expected size were 
retested for the whole process of RT-PCR (i.e. perform another RNA-
extraction and RT-PCR). 
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3.3 RT-PCR USING INOSINE CONTAINING PRIMERS FOR THE CAPSID 
REGIONS 
Besides the polymerase primers for the RT-PCR, inosine-containing 
primers from the capsid region in the ORF 2 had also been evaluated. The RT_ 
PCR using the capsid primers had also been studied for 96 specimens 
collected from 1986 to 1992. 
3.3.1 RT-PCR for the capsid region of SRSV genome 
The procedures for RT-PCR were the same as the one described in the 
previous sections for the amplification of the polymerase genes except the use 
of capsid primers (Green et al, 1997). In the capsid region, there were two 
sets of primers for each of the two genogroups (i.e. genogroup I and 
genogroup II). CAPlA (sense primer) and CAPlB (anti-sense primer) (nt 
5,644 to 5,866) were used for genogroup I, while CAP2A (sense primer) and 
CAP2B (anti-sense primer) (nt 5,362 to 5,584) were used for genogroup 11. 
The conditions for PCR and reaction volumes were also the same as the 
polymerase primers (Dr. Barry Vipond, personal communication). At least one 
‘group r and one ‘group 11, positive controls were included in the assay. At 
least one negative control (e.g. sterile water) was also included. The sequences 
of the capsid primers are listed in Table 8. 
\ 
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Table 8 Primers from SRSV capsid regions and the estimated sizes of 
the PCR products 
^ * • • • ^ ^ ^ ^ ^ ^ • * • " " ^ ^ ^ * " * ^ ^ " ^ ^ ^ ^ " ^ ^ ^ I J J n ^ ^ ™ ^ " " ^ ^ * " ^ 
i ^ ^ ^ * M i _ _ ^ * 
. . P r o — t 1 
Group I Cic AAA TGT AIA ATG GYT GGG T 
sense 
primer [5'(5644) > 3 (5665)] 
(CAPlA) 223-bp Capsid 
Group I, TGI IAR AGIACA TTICW ACA TCY TC 
anti-sense _ 
primer [5,(5866) > 3 (5841)] 
(CAPlB) I 
Group II cL\. GAA TGA AIA AYG GKT ATG C 
sense - — 
primer [5'(5362) > 3, (5383)] 
(CAP2A) 223-bp Capsid 
Gr?up II TGI JAG AAA ITR TTI Cm ACA TCW GG 
anti-sense - - _ 
primer [5 5534) > 3' (5559)] 
(CAP2B) 
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3.3.2 Interpretation of SRSV capsid gene PCR 
The presence of a 223-bp Group I PCR product indicated a SRSV 
genogroup I positive result (Fig. 3B). The presence of a 223-bp group II PCR 
product indicated an SRSV genogroup II positive result. While the presence of 
223-bp PCR products for both of the genogroups I and II indicated a SRSV 
positive result without genogroup determination. The absence ofexpected size 
or presence of incorrect sized products was considered as negative by the 
PCR. 
Fig. 3B Sequences of primers, sizes of products, regions of ampUflcation 
of PCR (capsid) assay. The size of PCR product is indicated (in 
base pairs). The primers are located in the ORF 2. 
mwB^  j tfir'-Tjibfi n i4 j|'r • Ttf8B^ B^ 
^^ ? *‘, tA-i 'dmlM 
P ^ ^ 
223-bp (genogroup II) "^23-bp (genogr^ I) 
5362 5584 5644 5866 
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3.4 SOLID PHASE IMMUNE ELECTRON MICROSCOPY FOR THE DETECTION 
OFSRSV 
Briefly anti-human IgG was coated onto a formvar-carbon coated EM 
grid (400 mesh). The coated grid was then coated with suitably diluted human 
convalescent serum as the capture antibody. Finally the virus was captured 
onto the grid. Following the steps of washing and staining with 1.5% 
Phosphotungstic Acid (PTA), pH 6.5, and the grid was blotted dry and 
examined in the EM at a magnification of 65,000x. If no virus particles were 
seen, the sample was reported negative for SRSV. Positive samples were 
graded from to +++ ( denoted less than 5 particles found; + denoted 
between 1 to 5 particles in each grid hole; ++ denoted between 5 to 50 
particles found in each grid hole; while +++ meant at least one particle found 
in each field). 
3.5 OPTIMIZATION OF CONDITIONS FOR SRSV RT-PCR 
An EM and PCR positive stool sample was chosen as the standard used 
to optimize the conditions for SRSV RT-PCR. Li the preparation, an emulsion 
of 10% ofthe stool was prepared in phosphate buffer Q)H 7.0). The prepared 
emulsion was then aliquoted into 1.5-ml vials and stored at 4°C until use. 
3.5.1 Titration of primers 
Serial dilutions of the polymerase primers (GLPSG1, GLPSG2 and 
YGDD1) were used in the PCR using a standard preparation of SRSV. The 
concentrations for each ofthe primers were started as follows: 0.1 i^M, 0.2 i^M, 
0.3 \xM to l|iM per 20 i^l of reaction volume. 
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3.5.2 Titration ofMgCh 
Different concentrations of MgCl2 (1 mM, 1.5 mM, 2.0 mM and 2.5 
mM) at different pH (8.3, 8.6 8.9 and 9.2) were titrated for the PCR using the 
standard preparation of SRSV. Another set of 3.0 mM MgCl2 at pH 9.0 was 
also included. 
3.5.3 Titration of dNTPs, MgCl2 and Taq polymerase (pH 9.0) 
Different concentrations ofdNTPs (0.5 mM, 1.0 mM, 1.5 mM, 2.0 mM, 
2.5- mM and 3.0 mM), MgCl2 (1.0 mM, 1.5 mM 2.0 mM, 2.5 mM, 3.0 mM 
and 3.5 mM) and different units of Taq polymerase (0.5 U, 0.75U, 1.00 U, 
1.25 U, 1.5 U and 2 U) used in the PCR mixture were titrated. 
3.6 SPECIFICITY OF SRSV RT-PCR 
The specificity of SRSV primers was evaluated by performing RT-
PCR with the extracted RNA from patient stool samples shown to contain 
different viruses. There included 5 rotavirus, 5 adenovirus, 5 human 
calicivims, 5 astrovims, 5 small round virus, 4 Norwalk-like virus and 10 
other samples shown to be negative for viruses by EM. 
3.7 PURIFICATION OF P C R PRODUCTS PRIOR TO CLONING 
QIAquick PCR purification kit (using microfuge for purification) from 
QLA.GEN Inc. (USA) was used to purify the PCR products. The procedures 
were designed to purify PCR products ranging from 100 bp to 10 kb from 
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primers, nucleotides, polymerase and other salts present in the reaction 
mixture. Briefly, 5 volumes of buffer PB were mixed with 1 volume of the 
PCR reaction. The sample was then applied to a QIAquick column sitting in a 
2-ml collecting tube and centrifuged for 30-60 sec. The eluate was discarded. 
Then the QIAquick column was placed into the same tube. A volume of 0.75-
ml washing buffer PE was added to the column and centrifuged for 30-60 sec. 
The eluate was again discarded and the column was placed in the same tube 
and centrifuge for 1 min at maximum speed to completely remove residual 
ethanol from the buffer PE. The cleaned PCR products were eluted with 50 \il 
of Buffer EB or DDW in a clean 1.5-ml microfuge tube by centrifiiging for 
one min. 
3.8 CLONING OF THE PURIFIED DNA EVTO pGEM-T EASY VECTOR 
3.8.1 Introduction 
The pGEM-T Easy Vector System was used for cloning of the PCR 
products. The vector was supplied by Promega Corporation, USA and 
prepared by cutting the vector with EcoR V endonuclease and adding a 3, 
terminal thymidine to both strands ofthe DNA. The single 3'-T overhung at 
the insertion site improved the efficiency of the ligation of a PCR product into 
the plasmids by preventing recircularization of the vector and providing a 
compatible overhang for PCR products generated by the thermostable 
polymerase. This polymerase often added a single deoxyadenosine to the 3 -
ends of the amplified fragments. The vector contained T7 and SP6 RNA 
polymerase promoters flanking a multiple cloning site O^CS) within the a-
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peptide coding region of the enzyme P-galactosidase (Table 9). P-
galactosidase was one of a series of enzymes involved in the breakdown of 
lactose to glucose and galactose. It was coded by the gene lacZ, Cloning with 
pGEM-T Easy Vector involved insertional inactivation of the lacZ gene (Fig. 
4a). Recombinants were distinguished by their inability to synthesize P_ 
galactosidase. They were directly identified by color screening on indicator 
plates. 
Table 9 pGEM-T Easy Vector sequence reference points 
Nucleotide No. 
T7 RNA Polymerase transcription initiation site 1 
SP6 RNA Polymerase transcription initiation site 141 
T7 RNA Polymerase promoter 3002-6 
SP6 RNA Polymerase promoter 136-158 
Multiple cloning site 10-128 
lacZ start codon 180 
lac operon sequences 2839-2999,166-395 
lac operator 100-216 
P-lactamase coding region 1337-2197 
phage fl region 2383-2838 
Binding site of pUCM13 Forward Sequence Primer 2959-2975 
Binding site ofpUCVM13 Reverse Sequencing Primer 176-192 
Jn short, a cloning experiment with pGEM-T Easy Vector involved the 
selection oftransfonnants on ampicillin containing agar followed by screening 
for P-galactosidase activity to distinguish recombinants. JM109 competent 
cells that harbored the pGEM vector without being insertional inactivated 
would be able to synthesize p-galactosidase; while recombinants would not be 
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Fig. 4 a pGEM -T Easy Vector circle map 
Xmn I ZOmy^^'^ '•‘ *V"""^^ 
Sca I ^^^^^^ ^ I ^ i i ^ ’ y | T 7 j 1 ^ ^ 
/ / ^ / S i i 
/Amp' \ \ Nco\ f, 
pGEMMEasy / a c z L x ^ Z l 
Vector r r N ^ Not\ 4 
\ (3018bp) Q O ^ ^ g p i |52 
\ / \ p n i 
\ / \ Not\ 77 
\ / \ BstZ I 88 
V j / \ Ps" 90 
\ ^ on ^ , \ Sa/I 97 
^**N^ ^^^ \ Nde I 109 
\ Sad 118 
\ BstX 1 127 
\ Nsi 141 
\ TSP6 
able to make P-galactosidase. A lactose analogue called X-gal (5-bromo-4-
chloro-3-indolyl-P-D-gaiactopyranoside) was used in the reaction. It was 
broken down by P-galactosidase to a dark-blue product. If X-gal (plus an 
inducer ofthe enzyme isopropyl-thiogalactoside, IPTG) was added to the agar, 
along with ampicillin, then non-recombinant colonies wouM be colored blue, 
whereas recombinants with a disrupted lacZ gene and unable to make P-
galactosidase, would be white. The white colonies would be selected for 
small-scale preparations of plasmid DNA prior to sequencing. 
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3.8.2 Sequence of the pGEM-T Easy Vector 
The sequence supplied below was that of the circular pGEM-5Zf(+) 
Vector from which the pGEM-T Easy Vector was derived. The pGEM-T 
Vector was linearized with EcoR V at base 51 of this sequence and a T added 
to both 3'-ends. 
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'% .dG^a3AATt(5 SGqC03ACGT <^30i%GQ^QC CGOCCGCCAT QOCOmCGC^ : 
>'Si <3<SVA.f?eC»T ATCaCT^TG j^T^C<3CGQ? CGCCTGC3^fiG tEC(SVCCA*PAT 
401 ^ m m m C S C qCAA0(3CGtT g0^mCATAG CTTOAGTATT CTATAGTGTC 
iii 'SH$ikAikG CTTGGCGTAA TCATGGTCAT AGCTGTTTCC TGTGTGAAAT 
201 TGTTATCC6C TCACAATTCC ACACAACATA CGAGCCGGAA GCATAAAGTG 
251 TAAAGCCTGG GGTGCCTAAT GAGTGAGCTA ACTCACATTA ATTGCGTTGC 
301 6CTCACTGCC CGCTTTCCAG TCGGGAAACC TGTCGTGCCA GCTGCATTAA 
351 TGAATCGGCC AACGCGC666 GAGAGGCGGT TTGCGTATTG GGCGCTCTTC 
401 CGCTTCCTCG CTCACTGACT CGCTGCGCTC GGTCGTTCGG CTGCGGCGAG 
451 CGGTATCAGC TCACTCAAAG GCGGTAATAC GGTTATCCAC AGAATCAGGG 
501 GATAACGCAG GAAA6AACAT 6T6A6CAAAA GGCCAGCAAA AGGCCAGGAA 
551 CCGTAAAAAG 6CCGCGTTGC TGGCGTTTTT CCATAGGCTC CGCCCCCCT6 
601 ACGAGCATCA CAAAAATCGA CGCTCAAGTC AGAGGTGGCG AAACCCGACA 
651 GGACTATAAA GATACCAGGC GTTTCCCCCT GGAAGCTCCC TCGTGCGCTC 
701 TCCTGTTCCG ACCCTGCCGC TTACCGGATA CCTGTCCGCC TTTCTCCCTT 
751 CGGGAAGCGT GGCGCTTTCT CATAGCTCAC GCTGTAGGTA TCTCAGTTCG 
801 GTGTAGGTCG TTCGCTCCAA GCT6GGCTGT 6TGCACGAAC CCCCCGTTCA 
851 GCCCGACCGC TGCGCCTTAT CCG6TAACTA TCGTCTTGAG TCCAACCCGG 
901 TAAGACACGA CTTATCGCCA CTGGCA6CA6 CCACTGGTAA CAGGATTAGC 
951 AGAGCGAGGT AT6TA66CGG TGCTACAGAG TTCTTGAAGT GGTGGCCTAA 
1001 CTAC6GCTAC ACTAGAA6GA CAGTATTTGG TATCTGCGCT CTGCTGAAGC 
1051 CA6TTACCTT CGGAAAAAGA GTTGGTAGCT CTTGATCCGG CAAACAAACC 
1101 ACCGCTGGTA GCGGTG6TTT TTTT6TTTGC AAGCAGCAGA TTACGCGCAG 
1151 AAAAAAAGGA TCTCAAGAAG ATCCTTTGAT CTTTTCTACG GGGTCTGACG 
1201 CTCAGTGGAA C6AAAACTCA CGTTAAGGGA TTTTGGTCAT GAGATTATCA 
1251 AAAAGGATCT TCACCTAfiAT CCTTTTAAAT TAAAAATGAA GTTTTAAATC 
1301 AATCTAAAGT ATATATGAGT AAACTTGGTC TGACAGTTAC CAATGCTTAA 
1351 TCA6TGAGGC ACCTATCTCA GCGATCTGTC TATTTCGTTC ATCCATA6TT 
1401 GCCTGACTCC CCGTCGTGTA GATAACTACG ATACGGGAGG GCTTACCATC 
1451 TGGCCCCAGT GCTGCAATGA TACCGC6AGA CCCACGCTCA CCGGCTCCAG 
1501 ATTTATCAGC AATAAACCA6 CCA6CCGGAA GGGCCGAGCG CAGAAGTGGT 
1551 CCTGCAACTT TATCCGCCTC CATCCAGTCT ATTAATTGTT GCCGGGAAGC 
1601 TAGAGTAAGT AGTTCGCCAG TTAATAGTTT GCGCAACGTT GTTGGCATTG 
1651 CTACAGGCAT CGTGGTGTCA CGCTCGTCGT TTGGTATGGC TTCATTCAGC 
1701 TCCGGTTCCC AACGATCAAG GCGAGTTACA TGATCCCCCA TGTTGTGCAA 
1751 AAAAGCGGTT AGCTCCTTCG GTCCTCCGAT CGTT6TCAGA AGTAAGTTGG 
1801 CCGCAGTGTT ATCACTCATG GTTATGGCAG CACTGCATAA TTCTCTTACT 
1851 GTCATGCCAT CCGTAAGATG CTTTTCTGTG ACTGGTGAGT ACTCAACCAA 
1901 GTCATTCTGA GAATAGTGTA TGCGGCGACC GAGTTGCTCT TGCCCGGCGT 
1951 CAATACGGGA TAATACCGCG CCACATAGCA GAACTTTAAA AGTGCTCATC 
2001 ATTGGAAAAC GTTCTTCGGG 6CGAAAACTC TCAAGGA.TCT TACCGCT6TT 
2051 GAGATCCA6T TCGATGTAAC CCACTCGTGC ACCCAACTGA TCTTCAGCAT 
2101 CTTTTACTTT CACCAGCGTT TCTGGGTGAG CAAAAACAGG AAGGCAAAAT 
2151 GCCGCAAAAA AG6GAATAA6 GGCGACACGG AAATGTTGAA TACTCATACT 
2201 CTTCCTTTTT CAATATTATT GAAGCATTTA TCAGGGTTAT TGTCTCATGA 
2251 GCGGATACAT ATTTGAATGT ATTTAGAAAA ATAAACAAAT AGGGGTTCCG 
2301 CGCACATTTC CCCGAAAAGT GCCACCTGTA TGCGGTGTGA AATACCGCAC 
2351 AGATGCGTAA 6GA6AAAATA CCGCATCAGG CGAAATTGTA AACGTTAATA 
2401 TTTTGTIAAA ATTCGCGTTA AATATTTGTT AAATCAGCTC ATTTTTTAAC 
2451 CAAXAG6CC6 AAATCGGCAA. AATCCCTTAT AAATCAAAAG AATAGACCGA 
2501 GATAGGGTTG AGTGTTGTTC CAGTTTGGAA CAAGAGTCCA CTATTAAAGA 
2551 ACGTGGACTC CAACGTCAAA GGGCGAAAAA CCGTCTATCA GGGCGATGGC 
2601 CCACTACGTG AACCATCACC CAAATCAAGT TTTTTGCGGT CGAGGTGCCG 
2651 TAAAGCTCTA AATCGGAACC CTAAA66GA6 CCCCCGATTT AGAGCTTGAC 
2701 GG66AAAGCC 6GC6AAC6TG GCGAGAAAGG AAGGGAAGAA AGCGAAA6GA 
2751 GCGGGCGCTA GGGCGCTGGC AAGTGTAGCG GTCACGCTGC GCGTAACCAC 
2801 CACACCCGCC GCGCTTAATG CGCCGCTACA GGGCGCGTCC ATTCGCCATT 
2851 CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC TCTTCGCTAT 
2901 TACGCCAGCT 66C6AAA6G6 6GATGTGCTG CAAGGCGATT AAGTTGGGTA 
2951 ACGCCA6GGT TTTCCCAGTC ACGACGTTGT AAAACGACGG CCAGTGAATT 
3001 GTAATACGAC TCACTATA 
Fig. 4b. Sequence of pGEM-T Easy Vector 
Note: Multiple cloning site is shown in the shaded area. 
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3.8.3 Ligation 
Ligation of the purified PCR products of SRSV to the linearized 
plasmid vector (pGEM-T easy) was performed according to the procedures 
described by the manufacturer. Briefly, a reaction volume of 10 i^l, in a 0.5 ml 
tube, composed of 1^1 of 10x T4 DNA ligase buffer, 1 pl pGEM-T Easy 
Vector (50-ng), 2 i^l PCR product, 1 ^1 T4 DNA Ligase (3 Weiss units/^1) and 
5 ,^1 of sterile water, was incubated overnight at 4 °C. Control insert DNA was 
also set up in another tube. Molar ratio of amplicon:vector was optimized 
from 3:1 to 1:3 with the following equation according to the instruction from 
the kit insert: 
ng of vector x size (kb) ofinsert , . ^. ^ 
X insert:vector molar ratio = ng oi insert 
size (kb) of vector 
3.8.4 Transformation of competent bacterial cells 
A volume of 2 i^l of each ligation reaction was mixed with 50 ptl of 
thawed JM109 {E. coli) competent cells and placed on ice for 20 min. The mix 
was heat-shocked at 40°C for 45-50 sec and returned to the ice for 2 min. A 
volume of 950 p,l SOC medium at room temperature was added to the tubes 
containing cells transformed with ligation reactions. They were incubated at 
37°C with shaking at about 150 rpm for 1.5 hr. A volume of 200 \i\ each 
transformed culture was gently spread over the surface ofLuria Bertani (LB) 
plates with ampicillin (final concentration of 100 \xg/mL) using a sterile bent 
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glass rod. The plates were then left at room temperature until the liquid had 
been absorbed. The plates were inverted and incubated ovemight at 37°C. 
Colonies would appear in 12- 16 hr. 
3.8.5 Small-scale preparations of plasmid DNA 
In the small-scale preparations of plasmid DNA, a number of 
independently transformed white bacterial colonies on the LB plates were 
picked and grown in a small-scale (3 to 5 ml) cultures of LB broth with 
ampicillin. They were incubated at 37°C with shaking at about 150 rpm. A 
small amount of each white bacterial colony was also streaked on a LB plate 
with ampicillin and was incubated ovemight at 37°C. The colonies formed 
from each plate were lyophilized and kept as a stock at 4°C for further 
investigation if needed. 
3.8.6 Purification of miniprep using QIAprep Miniprep from QIAGEN 
Inc. OUSA) 
The ovemight small-scale culture of LB broth was purified with the 
QIAprep Miniprep kit that utilized silica-gel membrane technology. After 
steps of resuspension, alkaline lysis of bacteria, neutralization, binding of 
DNA onto the QIAprep membrane and washing, plasmid DNAs were eluted in 
a small amount of Tris buffer or sterile water. 
3.8.7 Restriction analysis of small-scale preparations of plasmid DNA 
The pGEM-T Easy vector contained multiple restriction sites within 
the MCS. These restriction sites allowed for the release of the inserted DNA 
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by digestion with a single restriction enzyme such as EcoR 1 BstZ I and Not I. 
Not I was selected as a restriction enzyme to be used for the analysis of the 
mini-prep ofplasmid in this project, A reaction volume of 10 |il consisted of 1 
^, 
[xl of 10x concentrate assay buffer and 8 i^l of plasmid DNA and 1 ,^1 of 15 U 
of Not I (GIBCO, BRL) was assayed overnight at room temperature. In the 
next moming, equal amount of digested and undigested plasmid DNAs from 
same colony were loaded in parallel into two separate wells of 2% cast gel 
respectively. The gel was run at 120 V for about 1.5 hr. Results of digested 
and undigested band patterns of electrophoresis were compared. This was a 
way to confirm that the expected SRSV DNA had been cloned to the vector. 
3.9 CYCLE SEQUENCING OF CLONED SRSV AMPLICONS 
3.9.1 Targets for Sequencing 
A total of 42 amplicons (using polymerase primers) from 100 
specimens (1986- 1992) were sequenced as clones in pGEM-T Easy vector. 
The amplicons included the categories of PCR reactive for both genogroups 
(PCRP), PCR reactive for genogroup I (?CRl) and PCR reactive for 
genogroup II (PCR2). Each ofthe plasmid DNA templates was sequenced in 
both directions. Therefore 42% of all the isolates were cloned and sequenced. 
3.9.2 Procedures of cycle sequencing 
SequilTherm EXCEL II Long-Read DNA Sequencing Kit-ALF was 
used. It was supplied by Epicentre Technologies (USA). The supplier's 
instructions were followed. The sequencing primers were synthesized 
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commercially by Genosys O^SA). Briefly dideoxy chain termination method 
was used. The commercial kit was designed for the use with ALF DNA 
sequencer machines in conjunction with fluorescent-labeled primers. All the 
^, 
reagents needed for in vitro DNA synthesis were combined in the reaction, 
including a DNA polymerase and a 2 3'-dideoxynucleotide. The steps were 
very similar to the dNTPs, ddNTP were incorporated by DNA polymerases 
into a growing DNA chain at their 5, phosphate groups. However, the latter 
lacked the 3'-OH group necessary for phosphodiester bond formation and 
chain elongation. As a result, the chain terminated at the certain point at which 
the ddNTP was incorporated. In the cycle sequencing, 4 sets of reactions were 
performed on each template. The only difference was that individual ddNTP 
was added in four different reaction mixtures. 7-deaza-dGTP was used as a 
base analog for dGTP to reduce the formation of hairpin loops by 
intramolecular hybridization that may lead to the compression ofband spacing 
on sequencing gel electrophoresis. In short, a total volume of 17 ^1 ofpremix 
was prepared in a 0.5-ml microfuge tube. The mix composed of 7.2 [d of 
sequencing buffer, 2 ^1 of labeled forward or reverse primers (working 
concentration was 5 _ 2 p.1 of DNA template, 4.8 ^1 water and 1 pl of 
DNA polymerase (5 U/^il). Then 4 p,l of the premix was added to each ofthe 
four 0.5 ml microfuge tubes containing 2 i^l of termination mix G, A, T or C 
separately. The mix was mixed thoroughly in each tube and overlaid with a 
drop of mineral oil to prevent evaporation. Finally the reaction tubes were 
spun briefly in a microfuge and processed in a Perkin Ehner 480 thermal 
cycler with the following settings: 
(1) 5 min at 95°C for initial denaturation 
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spun briefly in a microfuge and processed in a Perkin Elmer 480 thermal 
cycler with the following settings: 
(1) 5 min at 95°C for initial denaturation 
(2) 30 sec at 95°C, 30 sec at 66 °C (for forward primer) or 30 sec at 
56 C (for reverse primer) and 30 sec at 72°C for 30 cycles. 
(3) 6 min at 72°C for final elongation 
A volume of 3 |xl stop/loading buffer was added to each reaction upon 
completion and analyzed by electrophoresis in the automated sequencer or 
stored at -20°C until used. The reaction mixtures could also be held at 4°C 
overnight in the thermal cycler before adding the stop/loading buffer. 
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3.9.3 Gel electrophoresis 
The reaction tubes were spun briefly in a microfuge to separate the oil 
from the reaction. The tubes were heated for about 5 min at 95°C to denature 
the double stranded DNA and then put on ice prior to loading into the gel. A 
volume of 3 |il was loaded onto the sequencing gel that was cast by mixing the 
reagents of EZ Squeeze Gene-Page-Plus purchased from AMRESCO, Inc., 
USA. 
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3.9.4 Sequencing conditions 
Sequencer ALF Express from Pharmacia Biotech hic. was used. The 
^, 
running conditions were listed as follows: 
Voltage: 1500V 
Current: 60 mA 
Power: 25W 
Temperature: 55 C 
Sample int: 2 s (i.e. time interval between reading 
two consecutive base pairs during the 
sequencing run.) 
Running time: 360 min 
3.10 SEQUENCE ANALYSIS 
After the sequencing run was finished, the raw sequencing data were 
initially processed with the supplied program (ALFwin version 1.00 from 
Pharmacia Biotech). The results of the processing could be checked in the 
Curve view. Then the processed results were saved and exported as ASCII or 
Meta file for further evaluation with other software. Lasergene (DNASTAR 
Inc.) was used to edit the exported data from ALFwin. Basically, three main 
modules of Lasergene were used: (1) EDITSEQ was used to modify the 
exported data from ALFwin into the one that suited the Lasergene; (2) 
SEQMAN was used to identify and remove vector sequences from the 
constituents ofacontig; (3) MEGALIGN was used to align and determine the 
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sequences ofDNAs and find out the relationship among different strains ofthe 
SRSV. 
Bioinformatic resources for homology searching were accessed in 
computer communication such as Internet and the World Wide Web (WWW). 
The jobs were submitted to queue for FASTA searching of DNA sequence 
data bank. The FASTA search was run using the FASTA server at the EBI in 
UK. Simmonics 3.2 (software from University of Edinburg, UK), MEGA 
(software from Pennsylvania State University), Clustal X (European 
Molecular Biology Network, EMBnet) and TreeView (Taxonomy and 
Systematics at Glasgow) were also applied for further manipulation of all the 
sequences. These included multiple alignments, plotting phylogenetic trees, 
distance analysis and boot strapping test for replication tests (i.e. bootstrap 
resampling). Fourteen published sequences of viruses of NWV and NWLV 
were selected from the GenBank and included in the analysis (Table 16). 
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CHAPTER 4 REAGENTS AND BUFFERS 
4.1 REAGENTS AND BUFFERS FOR RNA EXTRACTION 
1. TRI Reagent (Promega Corporation, USA) 
2. L6-Buffer: 120g guanidinium isothiocynate (Promega Corporation, 
USA) was added to 100 ml 0.1 M Tris HC1 pH 6.4 and 22 ml 0.2 
M EDTA pH 8.0 and 2.6 g Triton X-100. 
3. L2-Buffer: 120g guanidinium isothiocynate (Promega Corporation, 
USA) was added to 100 ml 0.1 M Tris HC1 pH 6.4. 
4. Silica: An amount of 60g silicon dioxide (Sigma Chemical 
Company, USA) was added to 500 ml DDW. The contents were 
mixed well and allowed to settle for 24 hours. A volume of 430 ml 
of supernatant was removed. The pellet was resuspended in 500 ml 
ofdistilled water. The contents were allowed to settle for five hours. 
A volume of 440 ml of supernatant was removed and 600 fj,l 
concentrated HC1 was added. The mix was then mixed well and 
aliquoted into 1.5-ml vials and stored frozen (-20 C) in the dark. 
4.2 REAGENTS AND BUFFERS FOR REVERSE TRANSCRIPTION (cDNA 
SYNTHESIS) 
1. MMLV Reverse Transcriptase at 200 units/fil (Promega 
Corporation, USA) 
2. Random Hexamers at 500 ^gy'ml (Pharmacia Biotech tic.) 
3 • 5x 1 strand buffer (supplied with Reverse Transcriptase) 
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4 3 REAGENTS AND BUFFERS FOR P C R 
1. Taq polymerase Polymerase at 5 units/^1 (Promega Corporation, 
USA) 
2. 1 Ox PCR Buffer (supplied with Taq DNA Polymerase) 
3. 25mM MgCl2 (supplied with Taq DNA Polymerase) 
4. hiosine containing primers at 50 ^g/ml (GffiCO BRL, UK). These 
were delivered in lyophilized forni and were reconstituted with 
appropriate volumes of double distilled water (DDW) and kept in -
20 ®C as stocks in working concentration of 50 jng/ml. 
4.4 GEL ELECTROPHORESK OF P C R PRODUCTS 
10x TBE: Tris Base 30.3 g (Sigma Chemical Company, USA); Boric 
Acid 12.8g (Sigma Chemical Company, USA); EDTA 0.95 g (Sigma 
Chemical Company, USA), made up to 250 ml with DDW. 
123 bp DNA Ladder (Sigma Chemical Company, USA): A volume of 
2 U^ was diluted into 10 ^1 of distilled water and 2 i^l of loading dye 
was added. The molecular size marker was used as a marker for 
agarose gel electrophoresis of DNA fragments from RT-PCR of 
SRSVs. The pattem of 123 to 4,182 bp in increments of 123 bp was 
observed(i.e. 123,246,369...4,182). 
Loading dye (Sigma Chemical Company, USA): lx TBE buffer; 
0.01% {w/v) Bromophenol Blue; 50% {v/v) Glycerol. 
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4.5 PURIFICATION OF P C R PRODUCTS 
QIAquick PCR Purification Kit was purchased from QIAGEN Inc. 
^, 
(USA) which included the following: 
1. QLA q^uick Spin Columns 
2. Buffer PB 
3. Buffer PE (concentrate) 
4. BufferEB 
5. Collection tubes (2 ml) 
4.6 REAGENTS FOR CLONING THE DNA INSERT INTO pGEM-T EASY 
VECTOR 
4.6.1 pGEM-T Easy Vector System OPromega Corporation, USA) 
1 • T4 DNA Ligase 10x Buffer 
2. pGEM-T Easy Vector (50 ng) 
3. Control insert DNA 
4. T4 DNA Ligase (3 Weiss units/fxl) 
4.6.2 Isopropylthio-P-D-galactoside OtPTG) stock solution 
To prepare for the stock solution, 1.2 g IPTG was added to 50-ml fmal 
volume. The solution was filter-sterilized and stored at 4°C. 
4.6.3 X-Gal 
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100 mg 5-bromo-4-chloro-3-indolyl-P-D-galactoside was dissolved in 
2 ml N N'-dimethylformamide. The solution was covered with aluminum foil 
and stored at -20°C. 
^, 
4.6.4 Luria-Bertani (LB) medium 
10 g Bacto-Tryptone, 5 g Bacto-Yeast Extract and 5 g NaCl were 
added to 1 liter of sterile water. The medium was adjusted to pH 7.0 with 
NaOH. 
4.6.5 LB plates with ampicilUn 
15-g agar was added to one liter of LB medium and allowed to cool to 
50°C before adding ampicillin to a final concentration of 100 ^g/mL, A 
volume of 30 to 35 ml of medium was poured into 85-mm petri dishes. The 
agar was hardened on cooling. Then they were stored at 4°C for up to one 
month or at room temperature for up to one week. 
4.6.6 LB plates with ampicillm/IPTG/X-Gal 
LB plates were made with ampicillin as above and supplemented with 
0.5 mM IPTG and 80 ^g/ml X-Gal. The plates were then poured. 
4.6.7 SOC medium 
2.0 g Bacto-Tryptone, 0.5 g Bacto-Yeast Extract, 1 ml lM NaCl, 0.25 
ml lM KC1, 1 ml 2M Mg2+ stock (lM MgCl2.6H2O / lM MgSO4JH2O) were 
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added to 97 ml distilled water. The medium was stirred to dissolve. The 
medium was autoclaved and cooled to room temperature. 2M Mg!+ stock and 
2M glucose were added to a final concentration of 20 mM. The medium was 
^, 
brought to 100 ml with sterile, distilled water. The complete medium was 
filtered through a 0.2-^m filter unit. The final pH should be 7.0. 
4.6.8 Mini-prep purification 
QLAprep Miniprep was purchased from QLA.GEN Ltic. (USA): 
1. QLAprep Spin Coliunns 
2. BufferPl 
3. Buffer P2 
4. BufferN3 
5. BufferPB 
6. Buffer PE (Concentrate) 
7. BufferEB 
8. RNaseA 
9. Collection tubes (2 ml) 
4.6.9 Mini-prep analysis 
4.6.9.1 Lambda DNA-Hind III/^-174 DNA-Hae III Digest 
It was purchased from Pharmacia Biotech. Briefly 83 i^l of 6x dye was 
mixed with 20 ^1 A,DNA-Hind III cut (Stock concentration: 500 ^g/ml), 20 jul 
^X-174-Hae III cut (Stock concentration: 500 ^ig/ml) and 377 ^1 DDW were 
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mixed to make a total volume of 500 ^1 mix. The working concentration was 
20-ng/p,l. In each analysis of the plasmid DNA after the restriction digestion, 
10 t^l ofthe working digest was added to a well for gel electrophoresis. The 
^, 
fragment sizes of Lambda DNA-Hind III •X174-Hae III Digest are shown in 
Table 10. 
Table 10 Fragment Sizes of Lambda D^A-Hind IIl/^X 174-Hae III 
Digest 
|^ ^HI^ ^M^^ HBiMHSI^ HI^ ^^ ^^ H^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ W 
FragmejatKttttiber Namberoftas^pawrs . 




















Note: These bands are very faint and not always seen: this 
is especially true ofthe 564 and 125 bp fragments. 
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4.6,9,2NotI 
Not I was purchased from GIBCO BRL, UK. It was isolated from 
Nocardia otitidis-caviarum ATCC 14630. One unit was the amount of enzyme 
required to cleave 1 ,^g of Ad-2 DNA in one hour at 37°C in the appropriate 
buffer. In the restriction enzyme digestion analysis, the lOx-assay buffer from 
the supplier was diluted to lx in final reaction mixture. The assay was at 37°C 
ovemight. 
The digestion pattem was as follows: 




4.7 REAGENTS AND BUFFERS FOR CYCLE SEQUENCING 
4.7.1 SequiTherm EXCEL™ II Long-Read^^ DNA Sequencing Kit-
ALF™ 
The kit was purchased from Epicentre Technologies. 
1 SequiTherm EXCEL II DNA Polymerase at 5 U/^1 
2 SeqmTherm EXCEL H Sequencing Buffer 
3 SequiTherm EXCEL II Long Read Termination Mix G (0.03 mM 
ddGTP; 45 i^M each ofdATP, dCTP, dTTP and 7-deaza-dGTP) 
4 SequiTherm EXCEL H Long Read Termination Mix A (0.45 mM 
ddATP; 45 i^M each ofdATP, dCTP, dTTP and 7-deaza-dGTP) 
58 
5 SequiTherm EXCEL H Long Read Termination Mix T (0.45 mM 
ddTTP; 45 ^M each ofdATP, dCTP, dTTP and 7-deaza-dGTP) 
6 SequiTherm EXCEL II Long Read Termination Mix C (0.3 mM 
ddCTP; 45 \ M each of dATP, dCTP, dTTP and 7-deaza-dGTP) 
7 STOP/Loading Buffer: 95% (v/v) formamide, 10 mM EDTA, 0.1% 
Basic Fuchin, 0.01% Bromophenol (Final pH=9) 
4.7.2 Sequencing primers 
These were purchased commercially from Genosys (USA). The 
forward and reverse primers were 5' end labeled with fluorescent dye called 
CY5. Their sequences from 5 to 3 were as follows, 
pUC18F (Forward primer) 
5'- CCCAGTCACGACGTTGTAAAACG-3‘ 
pUC18R fiReverse primer) 
5'- AGCGGATAACAATTTCACACAGG-3 ‘ 
They were delivered in lyophilized form and were reconstituted in appropriate 
volume of DDW and kept in -20 ®C as stocks in concentration of 100 |uM. 
Their final working concentrations were diluted to 5 \xM with DDW. 
4.8 REAGENTS FOR SEQUENCING GEL CASTEVG 
EZ Squeeze Gene-PAGE-PLUS was purchased from AMRESCO Lic, 
USA. Ammonimn persuifate TEMED polymerization catalyst and initiator 
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disks were added into a bottle of Gene PAGE-PLUS already blended with urea 
in solution. The solutions were mixed by gently inversion for 2 to 3 min (to 
avoid bubbles) and immediately poured into a prep^ed and cleaned glass plate 
assembly. The comb was inserted into the assembly and allowed an hour for 
complete gel polymerization. 
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CHAPTER 5 RESULTS 
5.1 RESULTS OF RT-PCR OPTIMIZATION 
5.1.1 Magnesium chloride and pH of PCR reaction buffer 
The optimal concentration of magnesium chloride and different pH of 
the PCR reaction buffers were determined by titration using a PCR 
optimization kit (Boehringer Mannheim, Germany). Results indicated that the 
range of pH of reaction buffer from 8.3 to 9.2 worked well for the PCR. 
However, the concentration 0fMgCl2 should not be less than 1.5 mM in each 
of the different pH of the reaction buffers. The optimal concentration of 
MgCl2 and pH for both of the genogroups (I & II) in Fig. 5 was between 2 
mM and 2.5 mM at pH 8.9 to pH 9.2 respectively. At these ranges of 
concentration 0fMgCl2 and pH value, both of the genogroups (on the wells at 
the upper portion ofthe gel and the corresponding one at the lower portion of 
the gel) gave same intensity ofbands for the positive standard of SRSV. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1718 19 20 
M <- pH8.3 — <-pH 8.6 ^ <-pH 8.9 ^ <-pH 9.2 ~> +/c -/c M 
Z ^ 492 
w ^ ^ m a m j ^ ^ ^ j ^ m m B ^ ^ ^ j ^ ^ y ^ ,,, 
^ S H H D H B H H ^ H ^ “ 
^BH| |^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H^H<^- 155 bp 
^ ^ B H u m u n m i i m B i i m u s m i H i m i m u ^ ^ j " " " " ^ ^ • 
| ^ ^ ^ | ^ j ^ ^ ^ j | j j ^ j ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ m | ^ ^ j ^ j ^ ^ H ^ H ^ l55bp 
Fig. 5 Optimization of concentration of MgCh and PCR buffer pH 
Lane 1 and 20 were DNA Ladder 123 molecular size marker (M) in the upper 
and lower portions ofthe gel; wells in upper portion (A) of gel were products 
using Genogroup I specific primers; the lower portion (B) were using 
Genogroup II specific primers. Lane 2 (pH 8.3,1 mM MgCl2); Lane 3 (pR 8.3 
1.5 mM MgCl2); Lane 4 (jpR 8.3 2 mM MgCl2); Lane 5 (pH 8.3, 2.5 mM 
MgCl2); Lane 6 (pU 8.6, 1 mM MgCl2); Lane 7 OpH 8.6, 1.5 mM MgCl2); 
Lane 8 (pU 8.6, 2 mM MgCl2); Lane 9 (pH 8.6 2.5 mM MgCl2); Lane 10 (pH 
8.9,1 mM MgCl2); Lane 11 (pU 8.9 1.5 mM MgCl2); Lane 12 (pH 8.9, 2 mM 
MgCl2); Lane 13 (pH 8.9, 2.5 mM MgCl2); Lane 14 (j>B 9.2, 1 mM MgCl2); 
Lane 15 OpH 9.2 1.5 mM MgCl2); Lane 16 (jpU 9.2, 2 mM MgCl2); Lane 17 
(pH 9.2, 2.5 mM MgCl2); Lane 18 (positive control, +/c; pH 9.0 and 3 mM 
MgCl2); Lane 19 (negative control, -/C; pH 9.0 and 3 mM MgCl2). Arrows 
denoted position of 155 bp ofPCR products. 
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5.1.2 Concentration of primers 
The optimal concentrations for the inosine containing primers for the 
SRSV polymerase region were determined by titration of the primers in a 
series of concentrations from 0.1 \M, 0.2 i^M to 1.0 mM as shown in Fig. 6. 
The other parameters of the PCR were kept at 2.5 mM MgCl2, 0.2 mM of 
dNTPs and pH 9.0 for the reaction buffer. Results indicated that the optimal 
range of concentration of the primers for both genogroups were between 0.5 
and 0.7 \M (lane 6 to 8) for the reaction mixes. 
1 2 3 4 5 6 7 8 9 10 11 12 
^ ^ ^ ^ ^ B u m n m p i n i i i i i i n i n B i B i i m ^ ~ ~ issbp 
^ ^ B 8 m p W j B H P W [ M l ^ w ^ w ^ ^ ^ U ^ m B B ^ _ i55bp 
Fig. 6 Optimization with different concentrations of inosine containing 
primers of the polymerase region. 
Lane 1 and 12 were Ladder 123 molecular size markers; Lane 2 O.l^iM; Lane 
3 0.2^M; Lane 4 0.3 ^M; Lane 5 0.4 jxM; Lane 6 0.5 i^M; Lane 7 0.6 i^M; 
Lane 8 0.7 i^M; Lane 9 0.8 i^M; Lane 10 0.9 pM; Lane 11 1.0 i^M. Arrows 
denoted the position of 155 bp ofPCR products. 
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5.1.3 Titration of dNTPs, MgCh and Taq polymerase (pH 9.0) 
The optimal concentrations of dNTPs, MgCl2 and amount of Taq 
polymerase required for the PCR were determined by titration. Their results 
are shown in Fig. 7. The optimal values for each of the parameters for both 
genogroups were obtained from the results of these titrations. The optimal 
[ d N T P s [ MgCl2 [ T a q polymerase ] 
1 1 1 1 1 1 1 1 1 1 1 1 P D 
— r ^ cn «n vo 0 tn o »n q «o *n o «n q «n q 
0 0 0 0 0 0 — — cs <N cn cn 0 — cs r^  cn 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
B i i i i m n n m i ^ ^ ^ ^ B i i i m i p i p i p i p i n m ^ j , ~ i5Sbp 
^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^3^^J^ 155 bp 
- i ^ H B M M M 
Fig. 7 Optimization of dNTPs, MgCh and Taq polymerase for PCR 
Lane 1-6 (dNTPs from O.lmM- 0.6 mM), concentration of MgCl2 was 3 mM 
and amount of Taq polymerase used was 0.5U; Lane 7-12 (MgCl2 from 1.0 
mM- 3.5 mM), concentration of dNTPs was 0.2 mM and amount of Taq 
polymerase used was 0.5U; Lane 13- 18 (Amount of Taq polymerase from 
0.5U-3U in the final reaction mix), concentration of dNTPs was 0.2 mM and 
concentration 0fMgCl2 was 3 mM. Lane 19 denoted Ladder 123 molecular 
size marker. Arrows denoted position of 155 bp ofPCR products. 
concentration of dNTPs was between 0.1 to 0.3 mM; the optimal 
concentration 0fMgCl2 was between 2.5 to 3.5 mM; while the number of units 
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of Taq polymerase was between 0.5 and 2.0 U. These conditions were used 
The optimal concentration ofdNTPs was between 0.1 to 0.3 mM; the optimal 
concentration 0fMgCl2was between 2.5 to 3.5 mM; while the number of units 
^, 
of Taq polymerase was between 0.5 and 2.0 U. From these range, 0.2 mM of 
dNTPs, 3 mM MgCl2 and 0.75 U of Taq polymerase were used subsequently. 
5.2 RESULT OF SENSIXrVITY TEST 
The analytic sensitivity of SRSV RT-PCR had been determined 
previously to be about 10 genome copies (Jiang et al. 1992b) and 10,000-fold 
dilution ofthe original stool specimen positive for SRSV and still be detected 
genomic nucleic acid in a 10 x^1 volume (Leon et al. 1992). The analytic 
sensitivity of SRSV RT-PCR was estimated by serial dilutions of a positive 
specimen (less than 5 particles found in the whole grid by EM, but strong 
positive by RT-PCR). The highest detecting limit was at the dilution 10'^  of 
the original specimen in a 5 \x\ volume used for RT-PCR (Fig. 8). 
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I ^ 
i I ^ ^ i ^ ^ ^ I 
M 1 2 3 4 5 6 7 M 
^^^^S^^^^^^^^^^^^^^^^^^^^^M 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H 
^ ^ ^ ^ l ^ ^ ^ 9 ^ K 155bp 
Fig. 8 Sensitivity ofPCR using mosine-containing primers 
Lanes 1 to 5 represented serial 10-fold dilutions of a positive SRSV specimen 
from neat (lane 1) 10_i (lane 2), 10_2 (lane3), 10"^  (lane 4) and 10^ (lane 5). 
The positive band ofthe dilution, 10"^  (lane 4) was faintly seen. Lanes 6 and 7 
were the positive and negative controls. M denoted Ladder 123 molecular size 
marker and arrows denoted the position of l55 bp ofPCR product. 
5.3 RESULTS OF SPECIFICITY TEST 
The specificity of SRSV primers was evaluated by performing RT-
PCR with extracted RNA from 39 patient stool samples with known EM 
results. The results ¢ ^ . 9 to 11) showed that 0/5 rotavirus, 0/5 adenovirus, 
1/5 human calicivirus, 1/5 astrovims, 2/5 small round virus, 3/3 Norwalk-Like 
virus and 2/11 other samples reported negative by EM were positive by the 
RT-PCR. The discordant stool specimens were all confirmed to be SRSVs by 
sequencing. RT-PCR detected SRSV from six ofthe stool specimens that were 
showed to be negative by the EM investigation. From these findings (Fig. 9 to 
11) the sensitivity ofthe RT-PCR is higher than that detected by direct EM. 
Although co-infection of more than one virus might be possible (Gray et aL, 
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1997), the specificity of the RT-PCR was 100% based on the findings of 
sequencing with the PCR amplicons from the calicivirus, astrovims, small 
round vims containing stool specimens which were all EM negative. 
^, 
Sequencing results of the amplicons were used to confirm the specificity of the 
RT-PCR(Appendixn). 
M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 M 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ ~ 155bp 
m ^ ^ ^ ^ H ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ Q ^ < ~ ~ 155bp 
Fig.9 Specificity test for the PCR (1) 
Lanes 1-4 were astrovirus containing stool specimens; 5-8 were calicivirus 
containing specimens; 9-10 were rotavirus containing specimens; 11-14 were 
SRV containing specimens; 15 was adenovirus containing specimen; 16-18 
were group 1 group 2 and negative controls respectively; 'M's were location 
for ladder 123 moleciUar marker. Arrows denoted the position of 155 bp of 
PCRproducts. 
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 M 
^^m 
^ M ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H H ^ 155bp 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ m < r - 155 bp 
Fig. 10 Specificity test for the PCR (2) 
Lanes 1-3 were adenovirus containing stool specimens; 4-5 were rotavirus 
containing; 6-15 were all EM-negative; 16-18 were group 1 group 2 and 
negative controls respectively; 'M's were lanes for Ladder 123 molecular 
size marker. Arrows denoted the position of 155 bp for PCR products. 
M 1 2 3 4 5 6 7 8 9 10 11 12 M 
M ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ < - 155 bp 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ m < - 155bp 
Fig. 11 Specificity test for the PCR (3) 
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Fig. 11 Specificity test for the PCR (3) (Cont'd) 
Lanes 1 was astrovirus containing specimen; 2 was SRV containing; 3 was 
calicivims containing; 4 was adenovirus containing; 5 was EM negative; 6 
was NWLV containing; 7 was rotavirus 8-9 were NWLV; 10-12 were 
genogroup 1, genogroup 2 and negative controls respectively; 'M' were lanes 
for Ladder 123 molecular size marker. Arrows denoted the position of 155 bp 
for SRSV-specific PCR products. 
5.4 RESULTS OF THE P C R USING INOSINE CONTAINEVG POL PRIMERS 
Upon testing with the SRSV RT-PCR, 100 EM positive specimens for 
SRSV, collected between 1886 to 1995, only 4 were identified to be 
genogroup I SRSV, 49 indicated genogroup II SRSV; while 31 were positive 
for both genogroups I and II. On the contrary, sixteen were negative for the 
SRSV RNA by RT-PCR (Table 11). The detection rate for these retrospective 
specimens was 84% (84/100). hi order to test for test reproducibility and to 
rule out the presence ofinhibitors for the RT-PCR, all the specimens had been 
repeated at least twice for the whole process from RNA extraction to RT-PCR 
ifthe quantity ofthe specimens were sufficient. The reasons for the negative 
cases might be due to the presence of inhibitor(s), long storage and 
deterioration ofthe specimens. Li order to prove that the presence ofinhibitor 
in the RT-PCR, a fixed amount of 5 i^l of a repeated RT-PCR negative stool 
specimen was spiked in serial dilutions of P-globin (10"^ 10"^  and 1 0 ’ ofthe 
PCR reaction mixes of a single PCR for p-globin (Lo at e!., 1989). Result 
showed that inhibition occurred in the spiked reaction mixes for the PCR of P_ 
globin(Table 12). 
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Table 11 Summary of the all the PCR results with primers from the 
polymerase region in this study. 
EMresults ResultsofRT-PCR Numberof 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ Retrospective stool OVWLV) H * M M M M M M i i ^ ^ ^ ^ ^ * " 
Genogroup I Genogroup II specimens 
Positive Positive Negative 4 
Positive Negative Positive 49 
Positive Positive Positive 31 
Positive Negative Negative 16 
Total 100 
Table 12. Presence of inhibitor in the stool specimens for the 
RT-PCR 
Serial dilution of P-globin 
No inhibitor added Miibitor added 
Neg 
Dilution 10"^  10_2 10'^  10"^  10'^  10_3 
control 
PCR signal +++ ++ + ++ +/- - -
Amount of 
stool* spiked , ^ 
0 0 0 5 M-1 5 i^l 5 i^l 0 
inthePCR 
mix 
Remark: • a repeated negative RT-PCR but EM positive stool specimen for 
SRSV 
71 
Since ladder 123 DNA marker was used, the first and the second 
lightest bands of the marker corresponded to 123 and 246 bp respectively. The 
bands below the first visible band were primer-dimers. The 155 bp was the 
expected band of the amplicons located between the 123 and 246 bp. Among 
those retrospective specimens tested by the RT-PCR, majority of the samples 
(90%) showed only single band of 155 bp for either genogroup I or genogroup 
II or showed bands for both genogroups. Only approximately 10% of the 
positive stool samples showed multiple bands (i.e. more than one band) 
besides the e^)ected band of 155 bp. Examples of these phenomenons could 
be found in Fig. 38 (Appendix VI). However, those specimens were mainly 
doubtful and repeated cases for RT-PCR using inosine primers from the 
polymerase regioa 
Details of all the other results of PCR using the polymerase primers of 
some clinical specimens are shown in Tables 21 to 30 (Appendix VI) and their 
corresponding gel images are also attached in Fig. 30 to 39 (Appendix YI). 
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5.5 RESULTS OF P C R USrVG mOSINE CONTAINING CAPSID PRIMERS 
Ninety-six percent of the retrospective specimens (96/100) previously 
tested by the polymerase primers were analyzed and compared with the capsid 
primers from the ORF2 of the SRSV genome. The capsid primers were 
degenerate and contained inosine as did the ones used in the polymerase 
region. The optimal conditions of the RT-PCR were the same as the ones used 
in the RT-PCR using inosine-containing primers from the polymerase region 
ofthe SRSV genome too (Caul E0, personal communication). The purpose of 
the comparison between the primers from the two different regions was to find 
out whether the primers from the ORF2 could pick up more positive 
specimens from the retrospective study or not. The overall results are tabulated 
in Table 13. 
Table 13. Summary of the RT-PCR results using primers from 
polymerase and capsid regions. 
Results ofRT-PCR 
Group I Group II Group I & Non-
Reactive Reactive II reactive reactive 
=_==«»==_«==>===«~===«~«===«~=«==="»==»~======~==°"==™° 
Primers from ’ , . , 
4 49 31 16 
polymerase region 
Primers from ^ _. 
5 ( 32 5 54 
capsid region 
Note: ‘ denotes equivocal result. 
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By comparison, the overall detection rate of the RT-PCR using capsid 
primers was about 43.8% (42/96) in this study, while the one for polymerase 
primers was about 82.3% (79/96). The overall performance of polymerase 
primers was better than the capsid primers with respect to the rate of detection 
and the intensity of the expected band of the PCR products found in gel after 
electrophoresis. The reason for the inferiority of the performance of the capsid 
inosine-containing primers when compared to that from the polymerase region 
might be explained by the reason that the genome was more variable in the 
ORF2 than the one in the ORFl. (Caul E0, personal communication). Results 
of all the tested stool specimens are tabulated in Table 31 to 39 (Appendix 
VII ). In addition, all the 16 specimens that were repeated negative for the RT-
PCR using polymerase primers also gave negative RT-PCR results when 
tested with the capsid primers in the ORF2. The specificity of the capsid 
primers used in RT-PCR was verified by analyzing the sequencing results 
(Appendix III). 
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5.6 RESULTS OF SOME SAMPLES RETESTED BY SPIEM 
After RT-PCR, 22 randomly selected stool specimens, which were 
positive by EM but negative by RT-PCR, were reinvestigated by SPIEM so as 
to find out the reasons why some of the specimens were negative by the RT-
PCR. Since the specimens had been frozen and thawed for a few times and 
virus particles deterioration might have occurred. Only 7 out of 22 previous 
EM positive specimens were detected by the SPIEM. Although the quantity of 
NWL particles was less than 5 in all the grids in SPIEM, NWL particles were 
detected in one ofthe 4 PCR negative samples. Therefore RT-PCR inhibitors 
were suspected in these RT-PCR negative samples. Co-infection of NWLV 
and astrovirus was also found in specimen 6268/88/HK. The results are 
tabulated in Table 14. 
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No. SampleDD ResultofPCR| SPlEM 
” > 1 ‘ : . … ‘ ' . : . .^ l | , , f^ | l fnpmr i i i i i< i i i , " " . 1 oifriiir t . -r - . , 
1 20551/95/HK PCR GP2+ NVPS 
. 2 19527/95/HK PCRGP2+ NVPS 
~ ~~3 255/86AlK PCRP NVPS 
4 1794/86yHK PCRP NVPS 
r ~ ~ ~ 8071/86/HK PCRP , '" N W ± 
6 776/87/HK PCRP “ “ NYPS 
7 3002/87/HK PCRP NVPS 
8 11036/87 PCRP NW± 
‘ ‘ ‘ ‘ . 
9 13346/87/HK PCRP NVPS ~ 
[0 14397/92mK PCRN NVPS 
n 393/88/HK PCRP NW± 
l2 2659/88mK PCRP NVPS 
n 6268/88/HK PCRP : : N W ± :. --
14 4684/89/HK PCRP NVPS 
15 13307/89/HK PCRP NVPS 
- ^ i i ^ i ^ ^ i ^ i ^ ~ n w s ^ j g ^ 
n 346/88/HK PCRN NVPS 
~ 7 ^ 9 PCRN — ; , . , . : _ ;; 
l9 12283/89yHK PCRN NVPS 
^ 1235/90/HK PCRN NVPS 
^ 8300/86/HK PCRGP2+ NVPS 
^ 15478/92/HK PCRGP2+ : ’ N W ± ^~~‘~~ 
L.................-— — 1 - ‘ ' - — -
Table 14 Results of SPDEM on some selected specimens 
Remarks: PCR GP2+ denotes positive PCR with genogroup II polymerase 
primer set; PCRP denotes positive PCR with both genogroup I and II 
polymerase primer sets; PCRN denotes negative PCR using the polymerase 
primers. NVPS denotes no viral particles seen under SPIEM, NW± denotes 
less than 5 viral particles found under SPffiM and Astro+++ denoted at least 
one particle of astrovirus per field under the SPIEM. 
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5.7 RESULTS OF SPORADIC OUTBREAKS 
5.7.1 A sporadic outbreak in 1996 
^, 
A sporadic outbreak occurred in 1996. There were 7 stool specimens 
sent in for clinical investigation. None of them was positive by EM. However, 
they were all positive by RT-PCR (Fig. 12). All 7 specimens were repeated for 
the whole RT-PCR again and in the repeating test, negative controls were 
included in between all the specimens. The results for the clinical specimens 
were all reproducible showing no contamination (Fig. 13). 
M 1 2 3 4 5 6 7 8 9 10 11 12 M 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ _ 155BP 
^ ^ I H ~ i -
Fig. 12 Gel image of an outbreak in 1996. 
Lanes 3-9 were specimens from an outbreak in 1996; 10-12 were genogroup I, 
genogroup II and negative controls respectively; 'M's were Ladder 123 
molecular size marker. Arrows denoted the 155-bp PCR products. 
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 M 
^^K .. ^^^^^^^^^^^^^^^^^^^^^^^^^^ M^^fM fcT^TM 1¾¾ 11¾¾ ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^B 
^ g ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ | ^ ^ H < - 155 BP 
^ ^ ^ ^ ^ ^ H | H | | H I I ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H B < - 155 
B ^ ^ ^ M ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ m | ^ ^ ^ m ^ 
^^^mn^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^g 
Fig. 13 Repeated RT-PCR for the outbreak in 1966 
Results of repeated RT-PCR for some stool specimens from an outbreak in 
1996. 'M's were Ladder 123 molecular size marker. Lanes 1, 3 5 7, 9 11 and 
13 were 7 different clinical specimens; while lanes 2, 4 6 8 10 12 and 14 
were the locations ofnegative controls; Lanes 15 and 16 were genogroup I and 




5.7.2 Sporadic outbreak in a kindergarten in 1997 
In this outbreak, totally 30 stool specimens were received for clinical 
investigation. Six out of the 30 specimen requests did not specify sex and age 
ofthe patients. While the others composed of 14 female adults and 10 children 
(7 girls and 3 boys). The range of age for the children was between 2 and 5 
years old. The results are summarized in Table 15. The gel images of some of 
the clinical specimens are shown in Fig. 14 and 15. 
PI^ ^^P i^pil^ ^^HI^ ^^^^WWWBHWWIH!^ ^^ !^^  ^^ ^^ ^^ P'®®®^®^®®^®®^^ ^^ "^'^ ^^ ^^  
:~ •' :' : :¾ . 'iy^p^-:::- - •. :-h >^<ij;. :.Ar^ .-=,v;v" -,-t . < W ^ i X t 3 ^ ^ ¾ ¾ : - ' ¾ ¾ 
p a a i ^ ^ M a i a a a g p i S i ^ ^ S 
_ B « i i i _ _ i « _ 8 g i » i g S ^ 
6 patients without specifying sex and age 0 3* 
14 adults (included food handlers) 0 1 
10 children ** 7 l0 
Table 15 Result of an outbreak in a kindergarten (1997) 
* denotes one out of these 3 patients claimed to be victim; ** denotes 6 out of 
10 children claimed to be victims. 
5.7.3 Sporadic outbreak at a hotel in 1998 
In this outbreak, totally 3 stool specimens (from 3 patients) were 
received for clinical investigation. These three adults had consumed 
contaminated oysters in a hotel. Although the specimen was negative by 
investigation under the EM, SRSV was detected in one of the three specimens 
by PCR. Sequencing analysis showed that it was NWLV. The gel image of the 
clinical specimens was shown in Fig. 16. Sequencing results from another 
79 
outbreak of SRSV in Hong Kong were also listed in Appendix IV. Upon 
sequence alignment, they all belonged to the same strain. 
5.7.4 Application of the RT-PCR to contaminated sheUfish 
The pol RT-PCR was also applied to investigate the contaminated 
oyster for the presence of SRSV in the previous section. In this trial, one of the 
oysters shown faint gel band of 155-bp (lanes 2 and 4 in Fig. 17); while the 
other one shown a distinct band (lane 1 and 3 in Fig. 17). Since the amount of 
DNA in the amplicon of the positive specimen was not sufficient for cycle 
sequencing, no sequencing results could be obtained in this outbreak. However, 
gel purification ofthe expected band in the agarose after electrophoresis prior 
to cycle sequencing or application of nested PCR for the detection of SRSV 
had been tried successfully in other investigations (data not shown). 
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^, 
M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 M 
p ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ v 
^ • ‘ ― 
^ ~ 155BP 
Fig. 14 Gel image (1) of outbreak in a kindergarten in 1997. 
Results of stool specimens from an outbreak in 1997. 'M's were positions for 
ladder 123 molecular size marker. Lanes 14-16 were genogroup I genogroup 
II and negative controls respectively; the rest of the lanes were different 
clinical specimens. Arrows denoted the 155-bp PCR product. 
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 M 
H ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ g 
^ 155 
i^^^^ii^^iini^^miiiiimi^^i^^^^^^^^ii^^^ij^^iij^^i^^i^^ji^^iiiiniiiiiiiim^^"""""""" 
Fig. 15 Gel image (2) of outbreak in a kindergarten in 1997. 
Results ofsome other stool specimens from the same outbreak in 1997. 'M's 
were positions for Ladder 123 molecular size marker. Rest of the lanes were 
locations for different specimens in the outbreak. Arrows denoted the position 
ofthe 155-bp PCR products. The controls were run in the previous gel. 
Note: the band on lane 5 was not the expected size and it was counted as 
negative for the RT-PCR. 
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M 1 2 3 4 5 6 7 8 9 10 11 12 M 
^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ f^RMH^ ^^ |^ 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ M < — 155 BP 
m ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ i — 
Fig. 16 Outbreak in a hotel in 1998 
Lane 1 to 3 were 3 patients from an outbreak in 1998; Lane 4 and 5 were 
genogroup I and II positive controls respectively; Lane 6 was negative control; 
lane 7-12 were duplicate of lane 1 to 6 in another run of PCR; M denoted 
Ladder 123 molecular size marker. Arrows denoted the position ofthe 155-bp 
PCR products. 
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M 1 2 3 4 5 6 7 8 9 10 11 12 M 
^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^M 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 155bp 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ K ^ ^ ^ H ^ ^ ^ ^ ^ H ^ 155bp 
Fig. 17 RT-PCR for contaminated oyster (050998) 
Results of contaminated oysters in 1998. Lanes 1 and 3 were from same 
specimen; Lane 2 and 4 were specimens from another oyster. Lane 5 and 9 
were genogroup I positive controls; Lane 6 and 8 were group 112 positive 
controls; while lanes 7 10, 11 and 12 were negative controls; M denoted the 
position for Ladder 123 molecular size marker. Arrows denoted the position of 
the 155- bp PCR products. 
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5.8 RESULTS OF MINI PREP ANALYSIS WITH NOTI DIGESTION 
The inserted PCR product, 155-bp of the RT-PCR from the polymerase 
region, into the pGEM vector was confirmed by digestion with NOT I 
(restriction enzyme). Equal volumes of digested and undigested plasmid 
DNAs from the same colony were compared by running gel electrophoresis. 
The expected band of 198 bp was seen in the gel lane that contained the 
digested plasmid DNA (Fig. 18). The results of other mini prep analysis are 
shown in Appendix IX. 
H H n M H M M M H M M M M P I 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H H ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ g M a ^ Q 
BHPI^flHBI^ ^^ H^  i-
^ Q ^ ^ ^ ^ ^ ^ ^ ^ Q | ^ ^ ^ ^ ^ | L ^ ^ ^ : : ^ 872 
^ ^ ^ ^ ^ ^ | ^ ^ ^ ^ ^ ^ H ^ ^ ^ ^ ^ ^ ^ H ^ B ^ ^ 31 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ m ^ ^ i “ T 
^ 198 i ^ ^ ^ H m ^ : jmm^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^  
72 
Fig. 18 Mini prep analysis (140698A) 
Lane 3,4 -393A; lane 7,8-2659A; lane 9,10-6268A; lane 11,12-2659A; lane 
13,14-255A; lane 15,16-255A; lane 17,18-1794A. M denoted Lambda DNA-
Hind llV^XA14 DNA- Hae III Digest. The first one in each pair was intact 
plasmid DNA and the latter was digested plasmid DNA. 
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5.9 RESULT OF ELECTROPHEROGRAM OF A SELECTED SPECIMEN FROM 
THE AUTOMATIC SEQUENCING 
A sequence example of cloned plasmid DNA expressed in an 
electropherogram and the related raw data extracted from ALFwin was 
selected and shown in Fig. 19. 
h i 
• : i i 
• I i I I . ’ 
! - ; i i : ^ i i : i i i i 
•: . I • , • • i : 
’ i ^ I I : : i I I ^ ^ i : ^ r : i illiuj 
___^ i^iiii i ifeBi^!^ 
‘ 50 100 150 200 250 300 350 Base 
^i^iaagMBgo3BB^swg^a^3ED^ogBSPaggasiGgaDnmRiMimRjt;iM^mMm_iHi:€i%B»mnBBGcm^6mwBCP^sM3TOinMg3OTBEEsafi«g^wBgBascwaE 
• 
Fig. 19 The electropherogram and raw data of plasmid DNA ( 391 bp) 
from one of the stool specimens. 
The portion of the insert SRSV DNA was expressed in bold letters and 
underlined, while the rest was nucleotide sequence at the MCS of the pGEM-
T-Easy vector. 
ACTATAGAAT ACTCAAGCTA TGCATCCAAC GCGTTGGGAG CTCTCCCATA 
TGGTCGACCT GCAGGCGGCC GCGAATTCAC TAGTGATTGA. WGGGCTGCCG 
TCTGGGGTGC CGTGCACCTC ACAGTGGAAT TCCATCACGC ACTGGCTACT 
CACCCTTTGT GCTCTATCTG AWACCACCAA CCTATCTCCT GACATCATAC 
AGGCAAATTC CATGTTCTCA TTTTACGGCG ATGACGRAAA TCGAATTCCC 
GCBKCCGCCA TGGCGGCGGG AGCATGCGAC GTCGGGCCCA ATTCGCCCTA 
TAGTGAGTCG TATTACAATT CACTGGCCGT CGTTTTACAA CGTCGTGACT 
KGGAAAACCC TGGCGTTACC CAACTTAATC GCTTKCAGCA C 
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A 
5.10 RESULTS OF ALL TRIMMED D N A SEQUENCES 
After having trimmed, edited and aligned of all the obtained SRSV 
sequences, the overall DNA sequences of the selected stool specimens and the 
published prototype sequences of different SRSV genogroups (Table 16) were 
compared. The use of degenerate and inosine-containing primers would 
increase the degree ofdifference ofhomology upon comparison. Therefore the 
regions containing the primer sequences were excluded. The length of each 
individual .SRSV sequence was about 110 bp. These sequences, in FASTA 
format, would be used for performing sequence analysis and comparisons (Fig. 
20). While the alignment results of amino acid sequences and nucleotide 
sequences are shown in Fig. 21 and 22. The patterns of amino acid sequences 
were very similar to each other if the PCR fragments belonged to the related 
cluster. In addition, the percentage of homology for nucleotides and amino 
acids of all sequences studied with respect to D82330 strain, Melksham virus, 
SMA, Hawaii virus and Lordsdale virus are summarized in Table 17. All the 
local strains had high percentage of homology for either the amino acids or 
nucleotides when compared with the D82330-, Hawaii- and Lordsdale related 
strains. The overall percentage of homology for nucleotides and amino acids 
for all the genogroup-II B sequences of Lordsdale virus, Hawaii virus, SMA 
and Melksham virus are also listed in Table 18. The ranges of homology of 
amino acids and nucleotides were similar to each other. On the other hand, due 
to the big sample size of the overall pairwise comparisons among the 56 
sequences (local and selected published) with Clustal and Jotun Hein methods, 
they could not be displayed in a single sheet. They were split into three pages 
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. .'---
for each of the methods (Tabless 19a, 19b 19c and Tables 20a 20b 20c) 
respectively. The identifications for all the sequences (i.e. from 1 to 56) were 
the same as the ones listed in the series of the SRSV sequences in FASTA 
^, 
format shown in Fig. 20. The phylogenetic trees plotted with different 
distance parameters, such as p-distance, Jukes-Cantor and Tajima Nei with 
neighbor-joining method on the basis of nucleotide and amino acid identities. 
Different methods of tree plotting were used to check if there were any big 
differences for the outcomes. The clusters found in the trees were similar to 
each other with the uses of different plotting methods, hi addition, bootstrap 
values from 500 random replicates were also applied to each of the methods. 
Their values at the major branches of the trees were all significant (Fig. 23 to 
26). The higher the values at the main branches indicated the clusters were 
grouped together with confidence. Majority of the values showed figures 
higher than 90 (e.g. Fig. 23) at the main branches of the clusters. Another plot 
of the phylogenetic trees using TreeView (version 1.52) after Clustal X 
multiple alignment was also performed. The clusters and appearance of the 
tree (Fig. 27) were similar to the ones obtained by using different distance 
.parameters with MEGA software. The overall results showed that the local 
strains of SRSV could be categorized into three main groups: genogroup UA, 
genogroup UB and a group that was related to D82330. D82330 was a strain 
of SRSV found in Japan. It was claimed that it belonged to genogroup II. 
However, by pairwise comparison and phylogenetic tree plotting, it was 
obviously shown to cluster with the genogroup I. 
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Genus: “Norwalk-like viruses” 
ffS«^aOaSSBSIBB»=B5BS5BB>aiS»|BB=BBa!^^P?S«B^BaWII»pl»«=aSS«aa9|l»il«iWB«55^WB?l*PP*ii*P^l|^*"???5??!^^^^^^iP"^M"^^®^^^SW^MSg^^^^^^^?^^S^^^R»F=^^^^^^^^^?<^?^W^^^ 
/ Z • •• > “ .. ‘ , „ “ … < V ; r -/ ’ ^ , 
” ..^  &0msmf^mmm$tt^td¥i™roiir^(§l^y^v.". ,' : ;^- / ‘ ^ 
• ‘ • . , ' • ‘ ‘ ‘ , ‘ . , , / • ; . : - ; - ’ . 
Virus I Strain I Region Length Accession 
Norwalk virus-related 
"§RSV-I NV/8FiLV68AJS CG 7654 M87661 
“SRSV-I KY-89/Japan |pol(p)+capsid+3 end 2516 L23828 
Southampton vrus-related 
~SRSV-l Southampton/9l/UK | CG 7708 L07418 
Desert Shieid virus-related 
DSV395/90/Saudi Arabia 
SRSV-I (DSV) pol(p)+capsid+3' end 2916 U04469 
Others 
SRSV-I SA-1283/84/J | pol(p) 430 L23832 
m^>^f:,.-- —x^i > ;-ff ::,>^ '¾¾^ ¾¾-^ :¾^ ¾>^ ¾^ .^ ¾^  ,y:^ ::^ -;^ >ifrs :%> ^  ^ ^ 3¾¾¾¾!^¾< ^ ;¾ 1¾' ,V -¾^¾¾¾¾:--^¾¾ =<:¾. ;^:¾;:¾¾:¾¾¾¾¾¾¾¾¾¾¾^<^=¾':<;,^:¾¾:-4":.^ :^^¾% ^ ^ > ^ ^ , ! | ^ 1 ^ ^ ; : # 'M 
Human Small Round Structured Virus group n <SRSV-H) 
_ ¾¾¾ ¾¾,s ¾ i ¾ ¾ ¾ ^ ¢ , _ s ¢ ¾ • : ¾ ¾ _ ¾ :¾¾¾y:: ¾ ¾ s ¾ 
Virus I Strain | Region | Length | Accession 
Toronto virus-reiated 
TV/91/C^ada(Toronto |polO3),completecapsid 2844 U02030 
SRSV-II (2A) virus -TV24) ^ … ^ ^ 
SRSV-II (2A) Oth-25/89/Japan |pol(p)+capsid+3,end |2496 L23830 
Snow Mountain virus-related 
SMV/76AJS (SnowMountain 430 L23831 
SRSV-II (2B) vims) ^ *^  
nc TT/ D MeUcsham/89AJK pol(p)+capsid 3435 X81879 SRSV-II (2B) 
Hawaii virus-related 
SRSV-U (2B) HawaiimAJS pol^))+capsid 3213 U07611 
Bristol virus-reated 
SRSV-IU2B) Lordsdale/93AJK | c G !7555 |x86557 
SRSV-IlbB) Camberweiy94/Australia pol(p)+capsid+ORF3 3868 U46500 
Others 
"SRSV-n 925/92AJK pol(p) 430 L23826 
SRSV-n |jPNNV22 |pol(p^ | l l 8 |D82330 
Table 16 Selected pubUshed SRSV sequences 
Remarks: 'CG' complete genome; 'pol^))' partial sequence of polymerase region; 
'ORF3' open reading frame 3. 
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Fig. 20 Trimmed polymerase gene of SRSV in FASTA format for 
sequence analysis 



























































































































>31-NOR8&- Genogroup-XUi L23830; SRSV-OTS-25/89/J 






















































































>52-NORS4^ Genogroup-r L23832 
. . CTGCACTTCTCAAGTAAATAGCATAAATCACTGGATAATCACCCTTTGTGCA 
CTGTCTGAGGCTACTGGCTTATCACCTGATGTGGTGCAGTCCATGTCATACT 
TCTCAG 








> 5 5 - 0 S V - G e n o g y o x t p - i ; U 0 4 4 6 9 ; D S 0 4 4 6 9 









Fig. 21 Alignment ofthe derived amino acid sequences 
42 samples of the 155-bp PCR fragments (with primers excluded) 
and 14 selected published amino acid sequences. Dots indicated 
amino acid identical to Lordsdale virus. 
“ ^ — 36 
I L o r s d a l e - 2 B |CSSQWNSIAH WLLTLCALSE VTNLSPDIIQ ANSLFS| 
I 13133/87/HK | .T I 
I 3188/88/HK | . T I 
I 1 4 6 3 1 / 9 2 / H K | . T I I 
1 15478/92/HK | . T I 
I 1 5 3 3 5 / 9 0 / H K | . T I 
I 18936/95/HK | . T I 
I Camber-Gp2B | • T I 
I 2009/93/HK | . T I 
I 11855/92/HK | . T W I 
I 8833/87/HK | . T I 
I 8771/86/HK | . T T I 
I 776/87/HK | .T T I 
I 13660/92/HK | .T T I 
I 1841/87/HK I .T T I 
I 4684/89/HK | . T T I 
I 1794/86/HK |.T "1 
I 8071/86/HK I .T I 
I 4654/86/HK | . T I 
I 9203/86/HK | .T I 
I 6548/86/HK | .T D I 
I 9879/86/HK | .T I 
I 1 3 2 3 9 / 9 2 / H K | . T I I 
I HAWAII-Gp2B | . T T D I 
I 13588/87/HK |.T T T M..| 
I 11036/87/Hl |.T TD T S M..| 
I 3002/87/HK |.T T. T M..| 
I 255/86/HK | .T T T M. . | 
I SMA-Gp2B | . T A I 
I Melksham-2B | . T D V I 
I NOR89JD-2A | .T G.G MY.| 
I TV24-Gp2 I .T G.6 MI. I 
I NOR92UK-2A |.T G.G MY.I 
I 4 6 9 6 / 8 8 / H K | .T M . . .SG W . .Y | 
I 6067/88/HK | .T M. . .SG W . .Y | 
I 13928/92/HK |.T I. . .SG W . .Y | 
I 2127/88/HK |.T M. . .SG W . .Y I 
I 393/88/HK | .T M " .S6 W . .Y I 
1 1 3 3 4 6 / 8 7 / H l | .T I . . .S.MA. .SG W . . H . C . . | 
I 13346/87/HK | .T I...S.MA. .SG W . .H.C..| 
I 2659/88/HK |.T I. . .S.MA. .SG W . .H.C..| 
I 6268 /88 /HK | . T I . . .S,.MA. .SG W . . H . C . . | 
I 13307/89/HK | .T I. . .S.MA. .SG W . .H.C. . | 
I D82330 I .T I...S.MA. .SG W . .H.C..| 
I 13434/89/HK |.T I...S.MA. .SG W . .H.C..| 
I 13438/89/HK | .T I. . .S.MA. .SG W . .H.C..| 
I 13568 /89 /HK | .T I . . .S.MA. .SG W . .H.C. . I 
I 14241/89/HK |.T I. . .S.MA. .SG W . .H.C..| 
I 13659/92/HK |.T I...S.MA. .S6 W . .H.C..| 
I 13069/88/HK |.T I. . .S.MA. .SG W . .H.C. . | 
I 11036/87/H2 |.T I. . .S.MA. .S6 W . .H.C..| 
I 14403/89/HK | I. . .S.MA. .S6 W . .T.V..| 
I NOR84J-Gpl |.T..V...N. .II A.G W . SM.Y. . | 
I NOR89J-Gpl |.T..V...N. .II A.G W . SM.Y. . | 
I M87611-Gpl |.T..V...N. .II A.G W . SM.Y. . | 
I DSV-6pl I .T . .V. . .N. . 1 G VL. SQ.Y. . | 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 19a Sequence pair distance of SRSV using Clustal Method with 
Weighted residue weight table. 
Remark: Please refer to Fig. 39 for identities of the number from 1 to 56. 
"" PeroentktenMty 
I i I 2 3 4 8 6 7 8 9 10 11 12 13 14 1S 18 17 18 ^ 20 21 
1 ^ ^ 8 ^ 8 ^ 8 ^ 8ST 89.7 85.3 87.1 89.7 sTo" 88.8 HT 72.4 7^ T 73.3 73.3 80^  ^T 81.9 81.9 81.0 
~2~ J:Zjiijj^^ ^ L^ j ^ 8S-3 8 ^ 83.6 87.1 ljT 862 ‘ ^ 73.3 72T 72.4 72.4 79.3 82.8 81.0 81.0 802 
~r~T^Jj^BM89Jflas" 86.2 81.9 84.5 67.1 8oT B62 l iT 73.3 1 ^ 72.4 72.4 80.2 82.8 81.9 81.9 81.0 
~T~ TT^  TT S ^ B B 9 ^ 82.8 8?J 81.0 84.5 TsT 81.9 TTi" 70.7 6 ^ 69.8 69.8 79.3 82.8 81.0 81.0 80.2 
~i~ "^ oJ" U" T7" 0.9 | | i f e j | irJ ai.g 8S.3 76.7 82.a " ^ 71.6 Tpy 70.7 70.7 8oT 83.6 81.9 81.9 81.0 
~i~T7"jj^jj[jjj^:lg;iJU(^£jgj_jgj_^ZjLL^^7S.g l i ^ 76.7 76.7 81.9 84.5 83.6 83.6 82.8 
~7~ Ts" 1 ^ TiJ' uT 13.4 11.0 BB|87.9 MT 76.7 17T 7S.9 7So" 75.9 75.9 75.9 79.3 82.8 81.0 81.0 80.2 
~ l ~ ~ ^ m " l ^ 14.3 13.3 10.0 7.7 BBjjT 1 ^ 88.8 7 ^ 77.6 78.4 78.4 7B.4 79.3 81.9 81.0 81.0 79.3 
~9 ^ 9.9 8.9 9.9 "sJ" 6.8 ~U~ 3.7 J ^ T T 92^  77.6 76.7 77.6 77.6 77.6 80.2 83.0 81.9 81.9 81.0 
" ^ " i i T " ^ l i i " l i T " ^ i 2 . i " ^ i T " i 4 . 6 T T r ^ | | [ i i i " ^ ^ j g j _ ^ j ^ j i j _ ; ; i ^ 7 i . 8 73.5 75.2 752 74.4 
8 "i i irTrTrTrt^^i iT 7.7 TT 6.8 T r T T | m f ^ 76.1 76.9 76.9 76.9 77.8 81_2 78.5 79.5 78.6 
g ~ ^ 22.9 2 3 ^ 23.2 2 ^ 24.8 19.2 19.3 16.8 1B.0 23.6 19.0 B B ^ T 92.3 92.3 92.3 71.8 73.S 75^2 75^2 73.5 
f ~^^ 2 ^ 2 ^ 24.6 27J 2 ^ 20.S loF 18.0 1 ^ 25.0 20.3 1.9 B j | f ^ 92.3 92.3 72.8 74.4 76.1 76.1 74.4 
0 ~u~ l iT 2 ^ 26.1 29.1 27.8 19.2 19.3 16.8 l iF 23.6 1 ^ 1.9 TTll lB^^ 94.0 73.5 752 76.9 76.9 75.2 
~ ^ 22^  2 ^ 26.1 2 ^ 27.8 19.2 19.3 16.8 18.0 23.6 l j ^ J ^ Jj_ J;0_jB||^^ 7 ^ 7 ^ 7gj_ Jgj_ Zgj. 
1 ^ 22.9 26.1 26.1 29T 27.8 l9T 19.3 16.8 18.0 23.6 19.0 1.9 1.9 0.0 0.0 ^ j 7 ^ 7SJ2 76.9 76.9 7S_2 
~ ^ 13.7 TiJ 13.9 1 ^ 14.1 ni" 13.9 1S.2 13.9 22.1 i^iT 23.7 22.3 20.9 20.9 20.9 B | p ^ 90.6 90.6 89.7 
~ ^ uT 1 ^ 1 ^ T^"i3.s 12.2 l3T 15.6 TiT ^ rr i5.s ziT 22!0" 20.7 20.7 20.7 a o H B f ^ | 92.3 91.5 
_lL_iid_JLM__LLLiiLiiL_LLLj±_iilJJJ__LLJ_iL__LJL_Ji_JL_Ji_JiiL_^LpMjlLLiL±!_ 
"liT l i J ^ 13.6 ~ ^ 13.8 11.3 l i 7 ^i^ 1 ^ 7iT 15.8 1 ^ 2 ^ 20.2 202 20.2 0.0 0.0 0 ^ ¾ ¾ ^ 
i r 1 ^ leT ~ ^ leT lsj"liT "iTi" liT 1 ^ 22.7 17.1 2^H9 21.s 21.5 21.5 0.9 0.9 o.9 o.9 |^B 
"^1i^lsJlZs"liri3TTro"liT 14.9 7 ^ 21.5 14.5 M^ " ‘ ^ 23.8 23.8 23.8 5.8 4.8 5.7 5.7 6.7 
I ^ ] j Z ] E E l ^ j i ^ " ^ 11.1 i r r 14.9 11.3 19.1 14.6 2 s J B i o " 22.6 22.6 22.6 6.9 _ g , l _ _ g j _ _ g : Z _ J j L 
^ ! ^ 3 1 ^ & ^ ^ 5 ^ ^ ^ ^ 5 " ^ " ^ " ^ " ^ 
~25 22.6 26.7 26.7 28.1 26.8 21.3 18.0 23.0 21.7 27.5 22.8 34.4 32.9 31.4 31.4 31.4 21.6 21.4 22.1 22.1 23.4 
"aT" T<T " ^ 1S.4120.4 1 ^ 10.9 l i J 1S.7 14.5 18.6 15.4 18.7 iiiTliT 21.2 21.2 16.9 16.7 16.4 16.4 17.6 
1i^2^Tl77l8J 20.0 ^ " 17.7 2 ^ 26.0 22.0 ~2^ 24.3 29.6 iiTTTT" 31.1 31.1 23.8 24.1 23J2 23.2 21.8 
"^2iJ^J3^2iJ26J 25.2 ziT 24.2 24.2 33^ 29.4 39.3 1^ l7J 37.7 37.7 28.4 26.7 27.5 27.5 26.1 
^ ] j ^ j ^ j ^ j j ^ j ^ ^ ^ j g ^ ^ ^ j ; ^ j j ^ ^ ^ j g j ^ j ^ ^ j ^ ^ j ^ j9.1 39.1 27.1 25.4 26^  26.2 24.8 
~ j ^ 26.6 H ^ 29.4 2 i ^ 28.1 " H T 22.9 24.2 24.2 31.5 " i i F 37.7 37.7 36.0 36.0 36.0 27.0 25.3 26.1 26.1 24.7 
34 36.4 ^ J 38.0 " i ^ 38.2 33.3 28.0 29.4 2 i T 20.8 2fl.1 34.0 34.0 31.1 31.1 31.1 30.8 30.5 29.8 29.8 28.4 
~ ^ H T 36.S 34.9 41.6 40.1 1 ^ 29.4 30.9 30.0 18.S 2 ^ 34.1 H T 31.2 31.2 31.2 30.9 30.S 29.9 29.9 28_j_ 
~ ^ 34.8 38.0 36.4 41.4 39.9 H ^ 28.4 30.9 30.9 19.6 2 ^ 37.1 34.0 34.0 34.0 34.0 32.3 31.9 31.2 31.2 29.8 
« " l F i T F ^ 3 ^ " ^ " ^ 34.8 32.2 33.7 33^  24.5 31.9 34J 34.3 ‘ ^ TTs 31.3 30.8 30.5 29.8 29.8 28.4 
g 1 T m ' 3 i J ~ ^ 4 3 J 4 ^ 34.8 l i T l i y ^ 24.8 31.9 1 ^ 34.7 1 ^ 31.6 31.6 30.8 30.5 30.1 30.1 28.7 
"1^ 44.2 ^T 40.8 40.0 41.0 42.5 47.0 52.8 45.2 36.2 4 ^ 52.1 50.1 54.2 54.2 54.2 51.2 50.1 49.8 49.8 47.9 
0 "lT" lsT 39J 42.5 42.5 42.6 44.3 49.0 50.8 4 ^ 37.7 46.1 50.1 4 ^ 52.1 52.1 52.1 53.3 52.1 S1.8 51.8 49.8 
~ i r 45.9 1 ^ 42.5 42.S 42.6 ~ A ^ 49.0 50.8 47.0 37.7 4 e T S0.1 l i T 52.1 52.1 52.1 53.3 52.1 51.8 51.8 49.8 
42 45.9 39.3 ^ T ^ 42.5 ^ T 44.3 49.0 50.8 47.0 37.7 46.1 S0.1 48.1 52.1 52.1 52.1 53.3 . 52.1 51.6 51.8 49 j^ | ^ " ^ J l i J 41,4 43T 43.2 43T 49.7 49.7 47.7 37.7 48^ 50.1 4BT 52.1 52.1 52.1 53.3 52.8 51.8 51.8 49j_ 
~*r ‘ ^ liT 42.5 ^ J 42.6 44.3 ~4^ SoT " ^ 37.7 46.1 SoT 4B.1 52.1 52.1 52.1 53.3 52.1 51.8 51.8 49.8 
^ ^ ^T ] ^ ^ J ^T ~4^ 44.3 4 ^ ^ 47.0 37.7 jgj_ ^ T 48.1 IzT S2.1 52.1 53.3 52.1 5;^ _ 51.8 49.8 
~ i ^ 45.9 39.3 42.5 4 ^ 42.6 44.3 49.0 50.8 47.0 37.7 46.1 50.1 " ^ T 52.1 52.1 52.1 53.3 52.1 51.8 51.8 49 j_ 
" < r ^ ^ 4 ^ 44.3 m " 4 2 y ^ 4 8 J 45^  3 ^ 44.3 "^5oT 50.1 loT 50.1 51.2 50.1 49.8 49.8 47.9 
~ir 4 ^ l7T 4oJ 4oJ 1 ^ *I^ 49^ 52J 45^  3 ^ 44.3 " ^ " ^ i ^ 54.2 jjj^jj^jg;j_jgj__jgj__g:i_ 
nr SaT "44^ 47.7 4 ^ '44A TiT ‘^ l4A S0.5 44.1 53.4 “ ^ 44.4 ^AA 44.4 44.4 47,3^  jgj_ 4gj_ 46^ jjL 
" i ^ " ^ " ^ ^ ^ l i T " ^ l i ^ ^ i ^ ^ T " ^ 4 0 J 47.5 siJ S1.8 se.1 S&1 se.1 43.8 A0.^  42j^  4 ^ 40j|_ 
" ^ liJ" 34.9 38.0 l9.S 39.7 38.2 47.6 47.9 44.3 33.4 41.6 48.4 48.4 50.4 50.4 50.4 48.6 47.0 46.7 48.7 44.8 
52 Ua.8 |46.2 |47.9 Us.l |49.8 |S2.1 |se.9 |S8.7|S3.2 Uo.1 |46.7 |81,9|S9.6 |s9.e |S8.6 IsO.e |SS.S |S6.1 |S3.fl|S3.9 |si.8 
~ ^ 47.9 44.4 47.9 46.2 47.9 HT 52.5 57.3 49.0 41.9 43^ 61.9 ^^ 59.6 59.6 59.6 |55.S |S^ 53.9 53.9 51.8 
"sT 60.3 51.8 53.6 49.8 5 ^ 53.9 s T f ^ s i T 45.3 s iT"^ 55.1 1 ^ SS.1 55.1 55.1 |SS.8 S3.6 53.6 51.6 
"sT S1.1 52.9 M.0 52.9 51.1 S2.9 5 ^ " ^ 5 ^ 47.5 53.1 SgJ S8.8 l i J 58.8 58.8 |S0.6|51.1 51.1 S1.1 49j^  
"sT 51.1 42.4 4S.a 4S.9 47.6 49.4 " ^ " ^ 51^ " ^ 51.2 siT S3.4 51.4 51.4 51.4 Us.8 |47.6 47.5 47.5 45.8 
1 I a I 3 I 4 I B 6 7 a 9 10 11 12 13 14 1S 18 J 17 | 18 j lB_ijg-LjL-
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Table 19b Sequence pair distance of SRSV using Clustal Method with 
Weighted residue weight table. 
Remark: Please refer to Fig. 39 for identities of the number from 1 to 56. 
Peroent ktentay 
22 23 24 2S M 27 28 2» 30 M 32 3 34 3g 3« 37 3« 39 40 41 42 43 
82^8^ 80.2 "^ J" 71.6 73.3 71.6 7 ^ 76.7 69.0 69 0 69.8 62.9 64.7 63.8 62.1 62.1 S4.3 S2.6 52.6 53.4 53.4 
8 ^ 77.8 7 i T 7 o T 69.0 7 o J 71.6 7 ^ 79.3 66.4 66.4 67.2 60.3 62.1 6 1 2 62.1 62.1 58.6 S7.8 57.8 57.8 57.8 
8?J 7^7 7 ^ 70J eiT 70J 7TT 78.4 TsT 6 ^ 67.2 68.1 61.2 62.9 62.1 62.1 62.1 S7.8 56.9 56.9 S6.9 56.9 
iTT 79T " ^ 6oJ ‘ ^ eiT i iT 7s.o Trjo esT 6S.1 67.2 s8.6 s7.8 S7.a s7.a S7.a s6.9 se.o se.o se.o se.o 
irF 8oJ 7 ^ ToJ 69.0 ^ ^ i ^ T s T " ^ ^ " ^ 6B.8 68.0 6oJ 59.S S9.S S9.S Sfl.S S6.9 66.0 56.0 56.0 S6.0 
" ^ " i S T I @ g g [ j j j ^ j i J i i ^ " ^ S < 7 .4 65.S 63.8 63.8 56.9 56.0 56.0 56.0 56.0 
'nT ^  2 ^ 7 ^ 74T ^ 7 ^ ^ 73J 1 ^ 1 ^ “ ^ 68.1 66.4 67^  65.5 65.5 S3.4 S2.6 S2.6 53^ 53^  
8 0 T 7 ^ 7 a T 7 r i " 69.8 71.6 73.3 T a J 71.B 69.8 69.8 70.7 66.4 66.4 65.5 63.8 63.8 50.9 51.7 51.7 50.9 50.9 
H F l ^ T s T T 72.4 70.7 72.4 72.4 7 9 ^ 75.0 69.8 69.8 70.7 60.4 68.4 65.5 63.8 63.8 S2-6 5:LL ALZ_ j g j _ . g j . 
7 s ! 2 " ^ ^ " ^ 6 ^ 6 ^ " ^ 68.4 7^ T l4A 1 ^ 66.7 67.5 76.1 7 ^ 76.9 72.6 70.9 60.7 59.8 59.8 59.8 59.0 
g 8 0 T 7 ^ ' ^ 7 r J 7 0 T ' ^ 7t.8 1 ^ 73.5 e i J s e J 67.5 67.5 69.2 j j J 85.0 65.0 52.1 51.3 51.3 52.1 52.1 
g 7 ^ l 2 j Q l r A 64.1 6 ^ r 64.1 68.4 76.1 66.7 e T T 60.7 62.4 65.0 6S.0 63.2 6S.8 64.1 53.8 54.7 54.7 53.8 5 3 j 
I 7 3 J 7 3 J 7 2 J " ^ ^ ^ 6 5 J " ^ 7 ^ 66.7 6 ^ 60.7 62.4 6 ^ 65.0 65.0 65.8 64.1 54.7 S5.6 55.6 54.7 53.8 
0 7^7rT"iiTMJ^^i^jgj_jgjl2ijL_^j_!^i^_glA_^:g_jLg_"^^^.8 .4 .7 52>1 53.0 53.0 52.1 51.3 
7iT7 74T 73.5 65.8 63.2 6 ^ 66.7 ‘ ^ 6S.S 62.4 61.5 63.2 67.5 67.S 6S.8 68.4 66.7 52.1 53.0 53.0 52.1 51.3 
‘ ^ ' j^ 73.5 65.8 63.2 6 ^ 66.7 ^ ^ 6S.B 62.4 61.5 63.2 67.5 67.S 65.8 68.4 66.7 52.1 S3.0 S3.0 52.1 51.3 
1 ^ MJ “ ^ rTT 70.1 7 ^ 6 ^ 7 ^ 7?T 6 ^ 6sT 68.4 j ^ H T 63.2 65.0 65.0 47.9 47.0 47.0 47.0 47.0 
88^ 86.3 81.2 J ^ J ^ 73.5 6fliT 76.9 74.4 69.2 70.1 70.1 65.6 65.8 65.0 66.7 66.7 49.6 48.7 48.7 48.7 4B.7 
a i T 8 S F 8 2 ^ ^ ^ 7jL8 l i T 68.1 T s T 73.S 70.1 70.9 70.9 67.5 67.S 66.7 68.4 66.7 S1.3 50.4 50.4 50.4 49 j^ 
i i i " a i ! ^ " i ^ 73!^ 7i.8 ^ ^ e^ lsI H^ ‘ ^ 70.9 70.a e ^ e ^ 66.7 68.4 66.7 51.3 so.4 so.4 so.4 49.e 
8sJ 8 ^ l2J “ ^ 70.9 ^ 6 8 T 7 7 J ^ ^ 7 ^ 70^ 70.9 6 ^ 1 ^ 66.7 68.4 66.7 51.3 50.4 50.4 50.4 49.6 | ^ ^ ^ ^ ^ j ] ^ j ] ^ J ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 7 O . g " ^ " ^ 6 S . 0 65.0 64.1 52.1 51.3 51.3 51.3 51.3 
^ ^ j p f e r “ ^ 7 I 4 " T S T 7 ? T ^ ^ 7 ^ 7 0 J 71.8 70.1 6 ^ l s J 65.8 6 s J 64.1 51.3 50.4 50.4 50.4 49.6 
" T i " j ^ j M 7 ^ 72.6 74.4 7 ^ 78.6 72.6 7gJ^ 6 g j _ 70 j^ j g j _ 6 3 ^ 6 2 ^ 6 j ^ 607_ 5 5 ^ 5 4 ^ 54.7 54.7 54.7 
^ i T “ ^ 2 X 5 M | B 9 2 T f e t 6 e . 3 |76.9 |71.8 |68.4|g7.S |68.4 |61.5|62.4 |64.1 |e3.2 |63.2 |47.g |47.0 |47.0 |47.0 |47.0 
2^22.2 |26.1 1.rpB^Mj]83.8 |7S^  |70.1 |6S.8 |65.0 |eS.8|S0.0 |S0.8 |81.5 |60.7 | 60.7 45.3 44.4 44.4 44.4 44.4. 
g j^^"^^Tpi iHri7 iT"^i^@jj j^g_g i j__gj_jgj_ iLi_jLg_i i jLj jZ:gLiZ:g_ 
l 9 J 2 6 J " ^ l i ^ 11.0 ^ T ] M l [ ^ ^ ^ B7.s 66.7 67.5 5 ^ 60J 62.4 61.5 61.5 50.4 49.6 49.6 47.9 47.9 
j 7 T j ^ " i r J TtiT" 20.8 ] B 3 18.S | M 7 ^ “ ^ ^ ^ 73.s 6 s J 6 ^ i i J 64.1 62.4 56.1 57.3 57.3 S7.3 56.4 
' ^ 2 ^ z i T ' ^ ' ^ 2 ^ 2 S . 3 i^TM^^^i^65.0 eiTftiT S4.1 61.S 61.5 61.S 60.7 61.5 60.7 60.7 
1 ^ 2 ^ " ^ 3 r 7 i ^ 3 ^ 3 ^ 1 ^ 31.1 ^ M ^ J 93.2 6 s J 6 4 T 8 ^ 62.4 61.5 55.6 54.7 S4.7 5S.6 SSj^ 
2 j T j ^ 2 7 T ^ ^ ^ ^ ^ l 2 T 1.8 p M o ^ ^ " i ^ ^ 63.2 63.2 62.4 S3.8 j g j _ _ ^ j g j _ j g j _ 
"iiT 1 ^ 2 ^ 3^7 ‘ ^ 3?J a4T 23J" ^ !T TT T i p l l t ^ r es.o e4.i e2.4 eij^ 55^ S47^  s4^ ss^ jgj_ 
^ ^ S g g @ g g E E S E ^ ! ^ ^ H ^ ^ i 2 : L J 5 : 2 _ i 5 ^ 5 5 J _ _ 5 2 : i _ J ^ _ 5 i l _ ^ 
l 4 T ] ^ 3 ^ 32.9 35.a 32T 38.2 28^ 7 30.4 34.1 35.8 32.6 1.8 ^ ¾ ^ ^ .0 .3 65.8 63.2 63^  64.1 83.2 
" i ^ " ^ l ^ i T J 34.4 3^3jrir"^"30Tiir^"^l^ 3.8 3.7 MMSSV 84.6 65.0 62.4 62.4 63.2 62^ 
i T T a i J l ^ l a T l ^ a ^ ^ J l i J a ^ l ^ 3s.s 36.9 e.7 6.7 e.8 B 1 ^ ^ es.o 62.4 B2.4 e3.2 62,4 
ii 5 ^ 5 ^ 5 1 ^ _ ^ _! £__2 2_81^^^_?2^^_?1±_?1 5_ 
'i ^ ^ ^T ^ ^ 5 ^ 59i" lsJ' 53J 4u' 1 ^ “ ^ 45.8 42.4 32.0 31.9 32.0 33.3 33.7 U ^ ^ 9^ j_ _gj_ ^ lj_ 
^ ^ g ^ ^ i ^ ^ ^ i ^ S ^ S S E ^ ^ E Z _ m _ i i 5 _ i 5 J _ J 5 d _ i 5 i L J L 5 _ ^ ^ ^ ^ _ ^ i i l 
" i i J g g ^ ^ ^ @ i i E g S E ^ i i i _ _ ^ M i 5 d _ i 5 : ^ L i 5 : L J i L J i _ H ^ ^ i 2 : ? " 
^ ^ " ^ " ^ " ^ e T T l T ^ s i J ' ^ " ^ 42.4 " ^ ‘ ^ 33.S 33.4 33.5 34.8 35.3 1.9 1.9 2.8 P M b ^ 
5 E g ^ ^ ^ ^ S ^ g E g ^ ^ i ^ S _ 5 i l i 5 : L J L i _ J : 5 _ J ; i _ _ M _ ^ 
! ^ 5 @ " ^ " ^ " ^ " ^ ~ ^ ~ ^ ~ ^ ~ ^ 
l ^ " ^ ^ | ^ 6 ] T ^ 5 ^ ^ 4 T J ^ 45.8 42.4 33.5 33.4 33.5 34.8 3S.3 jj^Jj_Jj__0£__0£. 
^ [ 1^ ^^  5 " ^ " ^ " ^ ~ ^ ~ ^ 
" ^ i ^ ^ " ^ " i 5 ! ^ " ^ ^ i T ^ ^ ^ 4 0 8 44.1 40.8 32.0 31.9 32.0 33.3_ 33^ Jj_ _2j_ _3^ _0±_ _gj_ 
5 5 [ 5 5 " ^ " ^ ~ ^ 
@ S 5 i ^ 5 ^ S I @ g S ^ 5 Z E E i 2 : i _ ^ i 5 : 5 > _ 2 1 5 L " 3 ? : ? " " ^ " ^ ^ " ^ " ^ 
^^ ^ “^^“^ “ ^ “ ^ “ ^ “ ^ “ ^ “ ^ 
"^|4S.3 39.7 55.8 S9.9 55.8 S6.1 41.2 38.4 42.6 |46.1 41.0 34.8 31.9 36.4 36^  36.7 8.7 8.7 ^8 6.7 | 6.8 
50 1 54 6 46^  140 8 53 6 149 8 65.3 | 58.4 44.1 169.1 66.0 166.5 147.6 1 44.2 147.6 149.3 149.9 53.4 S5.2 SS.2 55.2 54.1 
48.1 52.4 46.2 47.9 51.6 47.9 82.7 S6.1 47.6 B6.5 64.4 64.0 |47.6 |44_2 |47.6 |47.5 |48.1 |51.6 S3.4 53.4 S3.4 54.1 
^T 56.S 46.1 56.5 60.7 56.S 56.1 S5.8 53.2 54.9 |SS.1 |S4.Q l44.2 |47.6 |47.7 |49.4 |SO.O^ S1.S 49.8 49.8 49.8 48.7 
44.1 49.4 4S.8 | s i _ 2 55.1 51.2 55.1 S9.1 49 .3 56.8 56.8 | S 6 . 8 [44.1 l 4 5 . 8 | 4 9 . 4 UZ4 43 .0 43.0 41.4 43 .0 43.0 41 .8 
4sT 513 42.4 57.4 61.6 57.4 53.4 49.3 S1.1 45.6 47.5 45.8 55.2 |SS.1 |S5.2 |S1.2 |S1.9 | 38.5 41.5 41.5 Ul.5 42.0 
22 23 [ 24 I 25 | 2< | 27 \ 28 | M | 30 | 31 | 32 | 33 | 34 | 3S | 36 | ^ | 38 | 39 | 40 | 41 | 42 | 43 | 
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Table 19c Sequence pair distance of SRSV using Clustal Method with 
Weighted residue weight table. 
Remark: Please refer to Fig. 39 for identities of the number from 1 to 56. 
Pefcentldentity 
44 46 46 47 48 48 SO S1 62 53 S* ~B6 S6 
53.4 53.4 53^ 55.2 ^ T 50.0 SST 58.6 s i T 54.3 46.6 53.4 53.4 1 01.seq 
57.8 57.8 57.8 S6.0 59.5 56.0 60.3 58.6 57.8 56.9 53.4 53.4 59.5 2 02.seq 
56.9 56.9 s i ^ 55.2 S S T 5 5 ^ 60.3 56.9 55.2 _ 54.3 50.9 53.4 56.9 3 03.seq 
56.0 56.0 56.0 54.3 57.8 56.0 59.5 5S.2 56.0 55.2 54.3 53.4 56.9 4 04.seq 
56.0 56.0 l e F 54.3 57.8 56.0 ^ T T 55.2 55.2 54.3 5 Z 6 54.3 55.2 5 05.seq 
56.0 56.0 56.0 57.8 57.8 52.6 S7.8 59.5 S3.4 52.6 50.9 53.4 56.0 6 06.seq 
J ^ J ^ J ^ ^ ^ | ^ ^ ^ ^ ^ ^ i ^ i i ^ ^ i ^ _ 5 g : L i 5 i _ J i i L _ L _ 07.seq 
5 0 T 50.9 50.9 52.6 51.7 49.1 53.4 52.6 53.4 54.3 55.2 53.4 50.9 8 08.seq 
" s i T 52.6 52.6 54.3 53.4 50.9 54.3 55.2 56.0 56.9 52.6 52.6 52.6 9 09.seq 
59.8 59.8 l i T 61.5 l t T 56.4 S S T 62.4 59.8 58.1 56.4 56.4 56.4 10 10.seq 
8 52.1 52.1 a T 53.8 H o " 48.7 s i i " 54.7 58.1 59.0 53.0 52.1 53.0 11 11.seq 
g s i F 53.8 5 3 ^ 52.1 J i T 58.1 53.0 52.1 50.4 49.6 53.0 51.3 57.3 12 12.seq 
“ 5 ^ S ^ 54.7 S3.0 55.6 57.3 53.8 S2.1 S1.3 50.4 52.1 51.3 56.4 13 13.seq 
Q 52.1 S2.1 s i T S3.8 1 ^ 56.4 51.3 53.0 51.3 50.4 52.1 51.3 57.3 14 14.seq 
52.1 52.1 52.1 53.8 w F 56.4 51.3 53.0 51.3 50.4 52.1 51.3 57.3 15 15.seq 
5 2 T 52.1 g T 53.8 l 3 ! ^ 56.4 s T T 53.0 51.3 S0.4 52.1 51.3 57.3 16 16.seq 
4 7 F 47.0 4 7 ^ 48.7 48.7 50.4 54.7 51.3 48.7 47.9 47.0 S1.3 52.1 17 17.seq 
48.7 48.7 48.7 50.4 5 o T 52.1 58.1 53.0 50.4 49.6 48.7 53.8 53.8 18 18.seq 
S0.4 50.4 l 0 A ^ 52.1 52.1 53.8 56.4 54.7 50.4 49.6 48.7 53.0 55.6 18 19.seq 
50.4 50.4 5 ^ 52.1 52.1 53.8 s i T 54.7 50.4 48.6 48.7 53.0 55.6 20 20.seq 
50.4 50.4 50.4 52.1 ^ T 53.8 5 ^ 54.7 50.4 49.6 48.7 53.0 55.6 21 21.seq 
51.3 51.3 J i T 53.0 s i F 51.3 5 ^ 54.7 50.4 51.3 48.7 55.6 54.7 22 22.seq 
50.4 50.4 50.4 52.1 52.1 50.4 52.1 53.B 50.4 51.3 48.7 53.8 53.0 23 23.seq 
54.7 54.7 5 ^ 56.4 I s T 52.1 s T T 57.3 53.8 53.0 53.0 53.0 58.1 24 24.seq 
47.0 47.0 47.0 48.7 4 7 ^ 48.7 50.4 47.9 55.6 57.3 53.0 53.8 52.1 2S 25.seq 
44.4 |44.4 |44.4 |46.2 |45.3 |46.2 |47.9 U s . 3 |S3.8 |S5.6 | S 1 . 3 | S 1 . 3 |48.7 26 26.seq 
47.0 47.0 4 7 ^ 48.7 4 ^ 48.7 50.4 47.9 55.6 57.3 53.0 53.8 52.1 27 27.seq 
47.9 47.9 4 7 T 46.2 48.7 46.2 52.1 45.3 47.0 48.7 51.3 52.1 53.8 28 28.seq 
57.3 57.3 5 7 T 55.6 " s i F 55.6 H T 54.7 48.7 49.6 48.7 48.7 5S.6 29 29.seq 
60.7 60.7 6 0 F 59.0 6 3 ^ 59.8 61.5 61.5 57.3 SS.6 53.0 55.8 56.4 30 30.seq 
55.6 55.6 SS.6 57.3 T i T 54.7 5 3 ^ 55.6 45.3 46.2 50.4 49.6 57.3 31 31.seq 
53.8 53.8 '53.8 55.6 53.0 53.0 S S T 55.6 46<2 47.0 50.4 49.6 S6.4 32 32,8eq 
55.6 55.6 1 ^ 57.3 5^ 54.7 siT 56.4 46^  47.0 50.4 49.6 57.3 33 33.seq 
64.1 64.1 64.1 65.8 6 3 ^ 65.8 64.1 63.2 57.3 57.3 57.3 57.3 54.7 34 34.seq 
64.1 64.1 64.1 6S.8 " j j T 64.1 65.0 65.0 59.0 59.0 55.6 56.4 54.7 35 35.seq 
63.2 63.2 63^ 65.0 j i T 61.5 63^ 61.5 56.4 56.4 54.7 53.6 54.7 36 36.saq 
0 63.2 63.2 63.2 65.0 6 2 T 65.0 6 ^ 64.1 55.6 56.4 53.8 59.0 56.4 37 37.seq 
® 61.5 61.5 61.5 63.2 60.7 63.2 65.0 62.4 55.6 56.4 53.8 59.0 54.7 38 38.seq 
1 92.3 92.3 92.3 91.5 T T T 85.5 82.1 82.1 52.1 52.1 53.0 59.8 59.8 39 39.seq 
Q 92.3 92.3 92.3 91.5 9 T T 85.5 79.5 81.2 51.3 51.3 53.8 60.7 57.3 40 40.seq 
91.5 91.5 91.S 90.6 9 ^ 84.6 l e T 80.3 51.3 51.3 53.8 59.8 57.3 41 41.seq 
94.0 94.0 HZiT 93.2 9 ^ 87.2 7 j ! T 83.8 51.3 51.3 53.8 59.8 57.3 42 42.seq 
93.2 93.2 l i T 92.3 l i o T 86.3 l i T 82.9 51.3 51.3 53.8 59.8 56.4 43 43.seq 
m ^ ^ j [ _ 9 4 . 0 9 3 ^ o i T 87.2 7 9 ^ " 83.8 51.3 51.3 53.8 59.8 57.3 44 44.seq 
— M M ^ ^ 93.2 i T T 87.2 79.5 83.8 51.3 51.3 53.8 59.8 57.3 45 45.seq 
0.0 0.0 p | j y 9 3 . 2 g T T 87.2 79.5 83.8 51.3 51.3 53.8 59:8 57.3 46 46.seq 
0.9 0.9 0.9 B B j f e r 86.3 T i T 84.6 T T T 51.3 53.8 59.8 57.3 47 47.seq 
2.8 2.8 " i ! i " 3.8 M B | i ^ 7 i r r 81.2 53.0 53.0 S3.8 l i i " 57.3 48 48.seq 
7.7 7.7 T f " 8.8 9.9 B B T ^ T 78.6 50.4 51.3 53.0 5 ^ 56.4 49 49.seq 
15.5 15.5 '15.5 16.7 l s T 17.0 j B M 7 1 . 8 53.0 53.8 51.3 59.8 53.0 50 50.seq 
6.7 6.7 6.7 7.7 9.8 h 3 J T 2 r 2 M M 53.0 53.0 52.1 56.4 54.7 S1 51.seq 
5 5 2 55.2 55.2 55.2 51.6 57.2 51.7 5 4 . r B | | | ^ i T a 2 . 9 g7.S 166.7 | S2 52.8eq 
s i T 53.4 w i T 63.4 l s T 53.6 48.4 l i T 3.8 ^ M s ^ 66.7 |6S.0 | S3 53.seq 
4 ^ " ^ ^ ‘ ^ 49.8 49.8 51.7 S5.2 i T T 13.4 1S.B ^ W e ^ 6 6 - 7 | 54 54.seq 
43.0 43.0 43.0 43.0 43.0 43.1 ^ ! T 46.9 32.6 32.6 32.6 B | f w ^ j ^ 55.seq 
41.5 41.5 4 ? T 41.5 4 ^ 44.6 " s T T 48.7 32.9 32.9 33.0 4 T 7 T | M l ^ I 56.seq 












Table 20a Sequence pair distances of SRSV (Jotun Hein Alignment) with 
Weighted residue weight table. 
Remark: Please refer to Fig. 39 for identities of the number from 1 to 56. 
Percent Identity 
1 2 3 4 I • 7 1 • 10 11 12 13 1. 15 1. 17 11 18 20 21 
1 92.3 93.2 88.7 90.8 94.9 90.6 93.2 94.9 88.0 94.0 80.3 79.5 80.3 SO.3 80.3 85.5 88.0 88.3 87.2 88.3 
2 8.2 98.3 94.9 95.7 90.6 87.2 88.9 92.3 87.2 91.5 81.2 80.3 79.5 79.5 79.5 85.5 88.0 86.3 87.2 86.3 
3 7.2 1.7 94.9 95.7 91.S 87.2 88.7 92.3 87.2 91 .5 80.3 79.5 78.8 78.8 78.6 85.5 88.0 86.3 87.2 86.3 
• 11.1 5.3 5.3 99.1 88.0 87.2 87.2 90.8 83.8 88.0 79.S 78.6 n.B n.8 n .8 85.5 88.0 88.3 87.2 88.3 
5 10.1 4.4 4.4 0.9 88.9 88.0 88.0 91 .S 84.8 88.9 80.3 79.S 18.8 78.6 78.8 88.3 88.9 87.2 88.0 87.2 
6 5.3 10.4 9.3 13.4 12.5 89.7 91.5 94.0 88.0 93.2 82.9 82.1 82.9 82.9 82.9 87.2 89.7 88.0 88.9 88.0 
7 10.1 1 •• 3 1 •. 3 1 •. 3 13.3 11.1 93.2 94.9 84.6 92.3 82.9 82.1 82.9 82.9 82.9 85.5 88.0 88.3 87.2 88.3 
8 7.3 12.3 11 .• 1 • . 3 13.3 9.2 7.2 98.6 88.3 94.0 84.6 83.8 84.8 84.6 84.6 M .6 87.2 85.5 88.3 85.5 
8 5.3 8.3 8.2 10.2 9.2 6.3 5.3 3.5 89.7 97.4 M.8 83.8 84.6 84.6 84.6 88.3 88.9 87.2 88.0 87.2 
10 13.1 14.3 1 •. 2 18.6 17.5 13.2 17.4 15 .• 11 .1 92.4 81.4 SO.5 81.4 81.4 81.4 80.5 82.2 81.4 83.1 82.2 
11 8.3 9.2 9.2 13.2 12.3 7 .2 8.1 6.3 2.8 8.1 83.9 83.1 83.9 83.9 83.9 84.7 87.3 85.6 86.4 85.6 
12 23.2 22.3 23.5 24.9 23.8 19.9 19.7 17.4 17.4 21.7 18.3 98.3 98.3 98.3 98.3 79.7 81.4 80.5 82.2 81.4 
13 24.4 23.6 2".8 26.3 25.1 21.1 20.8 18.5 18.6 22.9 19.5 1.7 98.3 98.3 98.3 80.5 82.2 81.4 83.1 82.2 
14 23.2 2".9 26.1 27.7 28.S 19.9 19.7 17 .• 17.4 21.7 18.3 1.7 1.7 100.0 100.0 81.4 83.1 82.2 83.9 83.1 
15 23.2 24.9 26.1 27.7 26.5 19.9 19.7 17 .• 17.4 21.7 18.3 1.7 1.7 0.0 100.0 81.4 83.1 82.2 83.9 83.1 
16 23.2 24.& 26.1 27.7 26.5 19.9 19.7 17 .• 17.4 21.7 18.3 1.7 1.7 0.0 0.0 81.4 83.1 82.2 83.9 83.1 
17 18.3 16.8 18.5 16.6 15.6 14.3 18.4 17.5 15.4 22.9 17.3 2 •. 3 23.1 21 .8 21.8 21.8 97.5 99.2 97.5 98.6 
18 13.2 13.5 13.4 13.5 12.8 11.4 13.3 14.4 12.3 20.9 14.3 22.3 21.0 19.8 19.8 19.8 2.6 98.3 99.2 98.3 
11 15.3 15.8 15.4 15.8 1·'-6 13.3 15.4 18.5 14.3 21.8 18.3 23.2 22.0 20.7 20.7 20.7 0.9 1.7 98.3 97.5 
20 '''.3 14.7 '''.5 14.7 13.7 12.5 1 ..... 15.6 13." 19.7 15.4 21.0 19.8 18.8 18.8 18.6 2.8 0.9 1.7 99.2 
21 15.4 15.8 15.7 15.8 14.8 13.5 15.8 18.7 14.5 20.9 16.5 22.3 21.0 19.8 19.8 19.8 3.5 1.7 2.6 0.9 
22 13.2 18.8 15.4 15.4 14.4 11.1 18.0 18.6 13.3 19.8 15.3 24.3 23.1 21.8 21.8 21.8 8.0 6.2 7.1 5.3 6.2 
23 13.2 17.9 17.7 15.8 14.5 12.3 16.7 16.7 12.3 17.6 14.3 23.2 22.0 20.7 20.7 20.7 9.0 7.2 8.1 6.2 72 
~ 15." 18.0 19.1 20.5 19." 9.2 18.9 18.6 13.3 18.6 15.3 23.4 22.1 20.9 20.9 20.9 15.3 13.4 '''.3 12.3 11.3 
25 22.9 25.4 26.8 26.7 25.5 21.7 18.5 24.1 21.8 25.2 21.8 31.5 30.1 28.8 28.8 28.8 21.5 20 .• 20 .• 20.4 21.6 
2& 25.2 27.9 29.1 29.2 28.0 24.1 20.7 26.612".1 '27.7 24.0 304.2 32.7 31.3 31.3 31.3 23.8 22.7 22.7 22.7 23.9 
rt 22.9 25.4 26.6 26.7 25.5 21.7 18.5 24.1 21.8 25.2 21 .6 31.5 30.1 28.8 28.8 28.8 21.5 20.4 20." 20.4 21.6 
28 2".0 24.1 25.2 27.9 26.7 22.9 20.7 22.9 22.9 26.4 22.8 26.1 27.4 28.7 28.7 28.7 27.6 28." 26." 26." 27.7 
28 15.2 16.3 16.2 19.8 18.7 12.0 18.3 16.3 14.2 17.2 15.1 17.3 19.8 19.6 19.6 19.6 18.2 16.2 17.2 15.1 16.2 
30 19.9 16.5 17.5 18.6 17.5 16.5 23.8 25.1 21.4 21.8 22.3 29.2 29.2 30.8 30.6 30.6 25.5 22.1 24.3 23.4 22.1 
31 27.9 32.1 30.6 28.0 26.8 24.1 24.1 25.4 25.5 30.2 29.0 35.8 35.8 34.3 34.3 34.3 28.8 26.5 27.6 25.2 24.0 
32 28.0 32.3 30.7 28.1 28.9 25.5 24.2 25.5 25.6 30." 29.2 37.1 37.1 35.6 35.6 35.6 27.6 25.3 26.4 2".1 22.8 
33 26.6 30.7 29.2 29.3 28.1 22.9 24.1 24.1 24.2 28.9 27.7 34.3 304.3 32.9 32.9 32.9 27.5 25.2 26.3 24.0 22.8 
34 35.6 37.2 37.1 37.2 35.9 32.9 26." 30.2 28.9 19.2 27.4 31.2 31.2 28.8 28.6 28.6 31.1 28.6 29.8 27.3 26.1 
35 32.9 34." 34.3 38.9 37.6 30.2 28.9 30.2 29.0 17.1 25.0 31.2 31.2 28.6 28.6 28.6 31.1 28.7 29.8 27.4 26.1 
31 34.2 35.7 35.6 38.7 37.4 31.5 27.7 31.5 30.2 18.1 26.1 33.9 31.2 31 .2 31.2 31 .2 32.4 29.9 31.1 28.8 27.3 
37 36.9 35.7 37.1 40.3 38.& 34.3 30.2 34.1 32.8 22.6 29.8 31.3 31.3 28.7 2B.7 28.7 31.1 28.8 29.8 27.3 26.1 i 
31 38.8 35.6 37.0 "0.1 38.7 34.2 30.1 34.0 32.7 23.7 29.8 32.6 32.6 29.9 29.9 29.9 29.8 28.6 28.8 28.6 27.3 ! 
39 44." 38.3 41.2 41.3 41." 39.7 43.2 49.8 43.0 33.7 40.8 « .4 42.7 "6.1 46.1 46.1 52.4 49.4 SO.8 "7.6 45.9 ! 
40 46.0 39.7 42.7 "2.& 43.0 41 .3 44.9 48.0 44.7 35.0 42.4 42.7 41.1 44." 44.4 44.4 54.3 51.3 52.B 49.4 47.6 1 
41 46.0 39.7 42.7 42.9 "3.0 41.3 44.9 48.0 44.7 35.0 42.4 42.7 "'.1 44.4 44.4 44.4 54.3 51.3 52.6 "9.4 47.6 
42 46.0 39.7 42.7 42.9 43.0 41.3 44.9 48.0 44.7 35.0 42.4 42.7 41.1 44.4 44.4 44.4 54.3 51 .3 52.6 .. 9,4 47.6 
43 46.0 39.7 42.7 "2.9 43.0 41.3 44.9 48.0 44.7 35.0 42." 42.7 41 .1 4".4 44.4 44.4 54.3 51.3 52.6 49.4 47.6 
44 46.0 39.7 42.7 42.9 43.0 41.3 44.9 48.0 44.7 35.0 42.4 "2.7 41 .1 4".4 44.4 44.4 54.3 51.3 52.6 49.4 47.6 
45 46.0 39.7 42.7 42.9 43.0 41.3 44.9 48.0 "4.7 35.0 42.4 42.7 41.1 44.4 44.4 44.4 54.3 51.3 52.6 49.4 47.6 
<&6 46.0 39.7 42.7 42.9 43.0 "'.3 44.9 48.0 44.7 35.0 "2.4 42.7 41.1 44.4 44.4 44.4 54.3 51.3 52.6 49.4 47.6 
47 44.4 "'.3 44.4 44.5 44.7 39.7 43.2 46.2 43.0 33.7 40.8 44.4 42.,7 42.7 42.7 42.7 52.4 49.4 SO.8 47.6 45.9 
048 44.4 38.3 41.2 41.3 41.4 39.7 44.9 49.8 43.0 33.7 40.8 44.4 42.7 46.1 46.1 <46.1 52.4 49." 50.8 47.6 45.9 
49 52.8 44.5 47.7 44.5 44.7 48.0 41.6 51.1 47.7 40.8 48.7 38.5 38.0 38.0 38.0 38.0 48.7 45.9 47.2 44.2 42.5 
50 44.1 39.7 39.6 39.7 38.3 39.7 "1.4 45.8 42.7 37.8 "0.6 47.6 45.9 49.4 49.4 "9.4 42.1 37.8 "0.7 39.3 37.8 
51 35.9 37.2 <40.1 41.B 41.8 304.3 43.2 42.0 38.9 29.8 36.8 "2.7 42.7 41.1 41 .1 41.1 44.0 "1.3 42.5 39.7 38.2 
Percent Identity 
52 46.2 43.0 44.5 44.7 "6.2 44.7 49.5 SO. 1 44.9 38.8 39.7 56.0 54.0 54.0 54.0 !W.O 52.8 51.0 51.0 51.0 049.2 
13 44.5 41.4 44.5 43.0 44.5 46.4 46.0 48.2 41.6 36.8 38.7 504.0 52.1 52.1 52.1 52.1 50.8 49.2 49.2 49.2 "7.4 
54 59.6 51.7 53.3 49.8 51 .4 49.8 49.8 44.5 SO. 1 42.9 47.9 48.4 50.2 50.2 50.2 50.2 56.3 54.6 54.6 54.8 52.6 
55 47.3 48.9 48.9 48.9 47.3 48.9 49.0 47.3 48.9 45.1 48." 53.3 53.3 53.3 53.3 53.3 51.6 46.7 49.9 48.3 46.7 
58 SO.6 42.8 45.7 46.0 47.6 45.8 49.2 56.2 49.0 43.6 46.9 43.8 "5.5 ·43.B 43.8 43.8 SO.O 47.0 48." 45.3 "3.7 I 
1 2 ~,-. 5 • 7 8 9 10 11 12 13 1. 15 16 17 18 1. 20 21 J 
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Table 20b Sequence pair distances of SRSV (Jotun Hein Alignment) with 
Weighted residue weight table. 
Remark: Please refer to Fig. 39 for identities of the number from 1 to 56. 
Percent Identity 
I 22 I 23 24 2S 26 27 28 29 30 31 32 33 34 35 36 ~ 3 7 38 39 40 41 4 2 4 3 
{88.0 88.0 86.3 1 ^ 78.6 a o i " 79.5 86 .3 82.9 76.9 76 .9 77.8 71 .8 73.5 72.6 70.9 70.9 66.7 65 .8 65.8 65.8 g5.B 
185.5 84 .e" 84.6 78.6 76.9 1 ^ 79.5 8S.S 85.5 74.4 74.4 75.2 70.9 72.6 71.8 71.B 71.8 70.1 .69.2 69.2 69.2 69.2 
86.3 84.6 83.8 77.8 76.1 77.8 78.6 85.5 84.6 75.2 75.2 76.1 70.9 7 2 . e ' 71.8 7 0 . 9 _ 7 0 . 9 68.4" 67 .5 67.5~ 67.5 67.5~ 
186.3 8 6 . F 82.9 77.B 76.1 T F T 76.9 82.9 83.8 76.9 76.9 76.1 70.9 70.1 70.1 69.2 69.2 68.4 67.5 67.5 67.5 67.5 
87.2 8 7 . F 83.8 78^6^ 76.9 78.6 77.8 83.8 84.6 77.8 77.8 76.9 71.8 70.9 70.9 70.1 70.1 68.4 67.5 67.5 67 .5 67.5 
189.7 88.9 QI.S a T i " 79.5 a T j " 80.3 88.9 85.5 79.5 78.6 80.3 73.5 75.2 74.4 72.6 72.6 69.2 68.4 .68.4 68.4 66.4 
84.6 8 5 . F 83.8 s i X 82.1 83.8 82.1 85.5 80.3 79.5 79.5 79.S 77.8 76.1 76.9 75.2 75.2 67.5 66.7 66.7 66 .7 . 66.7 
85.5 85.5 85.5 79.5 77.8 79.5 80.3 8S.5 79.5 78.6 78.6 79.S 75.2 75.2" 74.4 72.6 72.6 64.1 65.0 6S.o" 65.0 6 s T 
188.0 188.9 88.0 81.2 79.5 81.2 80.3 87.2 82.1 78.6 78.6 79.5 76.1 76 . l " 7S.2 73.5 73.5 67.5 66.7 66.7 66 .7 66.7" 
83.1 84.7^ 83.9 7 ^ 77.1 T s i F 78.0 84.7 81.4 75.4 75.4 76.3 83.1 84.7 83.9 80.5 79.7 72.9 72.0 72.0 72.0 72.0 
S 186.4 87.3_ 86.4 ^ t T 79.7 s T T 80.5 86.4 81.4 76 .3 76 .3 77.1 77.1 78-8 78.0 75.4 75.4 68.6 67.8 67.8 67.8 67.8 
i 179.7 8O.5" 80.5 7 ^ 72.9 74.6 78.0 ^ ^ 76.3 72.0 71.2 72.9 74.6 74.6 72.9 74.6 73.7 66.9 67.8 67.8 67 .8 67.8 
1* 80.5 81.4 81.4 75.4 73.7 7 s T 77.1 83.1 76.3 72.0 71 .2 72.9 74.6 74.6 74.6 74.6 73.7 67.8 68.6 68.6 68.6 68.6 
Q 81.4 82.2 82.2 76.3 74.6 76.3 76.3 83.1 75.4 72.9 72.0 73 .?" 76.3 7 6 . 3 _ 7 4 . 6 76.3 75.4 66 . l " 66.9 66!iT 66.9 6 ^ 
81.4 8 2 . ^ 82.2 76.3 74.6 7 6 ^ 76.3 83.1 75.4 72.9 72.0 73.7 76.3 76.3 74.6 76.3 75.4 66.1 66.9 66.9 66.9 66.9 
| s i . 4 | 8 2 . 2 82.2 76.3 74.6 76.3 76.3 83.1 7S.4 72.9 72.0 73.7 ' 76.3 76.3" 74.6 7 6 . 3 _ 7 5 . 4 66 . l " 66.9 6 e T 66.9 6 ^ 
92.4 91.s" 86.4 81.4 79.7 81.4 77.1 83.9 78.8 76.3 77.1 77.1 74.6 74.6 73.7 74.6 75.4 62.7 61.9 61.9 61.9 61.9 
94.1 93.2 88.1 82.2 80.5 82.2 78.0 85.6 81.4 78.0 78.8 78.8 76.3 76.3 75.4 76.3 76.3 64.4 63.6 63.6 63.6 63.s" 
93.2 92.4 87.3 82.2 80.5 82.2 78.0 84.7 79.7 77.1 78.0 78.0 75.4 75.4_ 74.6 75.4_ 76.3 63.6_ 62 .7 62.7" 62.7 62.7_ 
94.9 94.1 89.0 82.2 80.5 82.2 78.0 66.4 80.5 78.8 79.7 79.7 77.1 77.1 76.3 7 7 . 1 . 7 6 . 3 65.3 64.4 64.4 64.4 64.4 
194.1 193.2 89.8 81.4 79.7 81.4 77.1 85.6 81.4 79.7 80.5 80.5 78.0 78.0 77.1 78.0 77.1 66.1 65.3 65.3 65.3 65.3 
M B 9 s T 91.5 8 ^ 80.5 82.2 78.0 85.6 82.2 79.7 80.S 79.7 7S.4 74.6 74.6 74.6 73.7 66.1 65.3 65.3 65.3 65.3 
4.4 | i | B [ s g ^ 8 3 j | _ 82.2 83.9 79.7 86.4 80.5 78.8 79.7 78.0 76.3 75.4 75.4 75.4 74.6 66.1 65.3 65.3 " 65 .3 65.3_ 
I 9.1 | 7 i ; i | m | " i T ^ 79.7 l i T T 78.8 8S.6 82.2 79.7 78.8 80.5 7 4 ^ ^ 74.6 73.7 72.9 72.0 70.3 69.5 69.5 69.5 69.5 
20.6 I 18.2 121.6 ^ B l f i i r r l l ^ 5 5 ^ l 92.4 84.7 80.5 76.3 75.4 76.3 74.6 75.4 76.3 75.4 76.3 63.6 62.7 62.7 62.7 62.?" 
I 
Percent ldenttty 
22.9 20.5 24.0 1.7 O l M I 98.3 190.7 83.1 78.S 74.6 73.7 74.6 72.9 73.7 174.6 1 73.7 74.6 61.9 61.0 61.0 61.0 61.o" 
20.6 1 8 . 2 . 2 1 . 6 0 . 0 . " ^ T " | m | l l M 84.7 80.5 76.3 . 75 .4 76.3 74.6 75.4 76.3 75.4" 76.3 63.6 62 .7 62 .?" 62.7 62.7 
26.8 24.1 25.2 8.2 10.1 8.2 B M f i ^ 78.8 74.6 73.7 74.6 72.9 73.7 74.6 73 .?" 74.6 64.4 64.4 64.4" 62.7 62.7 
16.3 15.3 16.3 17.1 19.2 17.1 17.1 J | | 8 ^ 80.5 79.7 61.4 76.3 78.0 77.1 75.4" 74.6 71.2 70.3 70.3_ 70.3 70.3 
_20.7 23.4 2 0 7 " 22.8 l s . 1 22.8 2 s T 21.6 j B | 76.3 T s T 75.4 74.6 75.4 75.4 72.9 72.9 7 2 ^ ^ 71.2 7 2 ! T 71.2 7 ? 1 " 
24.1 25.5 24.1 29.0 31.6 29.0 31.6 22.8 29.2 ^ J j ^ 99.2 75.4 74.6 74.6 72.9 72.0 68.6 67.8 67.8 68.6 68.6 
22.9 24.3 25.5 30.6 33.2 30.6 33.2 24.1 30.8 1.7 p B | 9 7 T ^ 74.6 73.7 73 7 7 3 . / " 7 Z 9 66.9 66.1 6 6 . l " 66.9 66.9 
24.1 26.8 22.8 29.0 31.6 29.0 31.6 21.6 30.6 0.9 2.6 l | [ B 75.4 75.4 74.6 72.9 72.0 68.6 67.8 67.8" 68.6 68.6 
30.2 28.8 31.3 31.6 34.3 31.6 34.7 28.8 31.1 29.8 31.2 29.8 M B ^ S ^ 196-8 94.1 93.2 75.4 73.7 73.7 74.6 74 . s" 
31.5 30.2 31.5 30.1 32.7 30.1 33.1 26.3 29.8 31.2 32.7 29.9 1.7 | [ | ^ ^ ^ 9 ^ 93.2 75.4 73.7 73.7 74.6 74.6 
31.6 30.1 32.7 28.9 31.5 28.9 31.8 27.5 29.8 31.2 32.6 31.2 3.5 3.5 W i _ g 2 ^ ^1-5 75.4 73.7 73.7 74.6 74.e" 
8 31.3 29.9 34.2 30.2 32.9 30.2 33.2 29.9 33.7 33.7 32.4 33.7 6.2 6.2 ^ ^ 7 ¾ ¾ 99.2 74.6 72.9 72.9 73.7 73.7 
i 32.6 31.2 35.5 29.0 31.6 29.0 32.0 31.2 33.7 35.1 33.7 35.1 7.1 7.1 9.1 0.9 J ^ t j ^ T 72.0 72.0 72.9 72.9 
I 46.1 45.9 37.8 50.2 53.6 50.2 48.6 36.5 35.1 40.6 43.6 40.6 29.9 29.8 29.9 31.1 32.4 M B 9 8 . 3 97.5 98.3 98.3 
5 47.9 47.6 39.3 51.9 55.5 51.9 48.6 37.9 36.5 42.1 45.1 42.1 32.6 32.5 32.6 33.8 35.1 1.7 W t M 99.2 98.3 98.3 
47.9 47.6 39.3 51.9 55.5 51.9 48.6 37.9 35.1 42.1 45.1 42.1 32.6 32.5 32.6 33.8 35.1 2.6 0.9 j B B | 9 ^ 97 . s" 
47 .9 . 47.6 39.3 51.9 55.5 51.9 52.1 37.9 36.5 40.6 43.6 40.6_ 31.2 31.2 31.2 32.4 33.7 1.7 1.7 2.6 B B p O O O 
47.9 47.8 39.3 51.9 SS.S 51.9 52.1 37.9 36.S 40.6 43 .8 40.6 31.2 31.2 31.2 32.4 33.7 1.7 1.7 2.6 0.0 W t M 
47.9 47.6 39.3 51.9 55.5 51.9 52.1 37.9 36.5 40 .6 43.6 40.6 31.2 31.2 31.2 32.4 33.7 1.7 1.7 2.6 0.0 0.0 
47.9 47.6 39.3 51.9 55.5 51.9 52.1 37.9 36.5 40.6 43.6 40.6 31.2 31.2 31.2 32.4 33.7 1.7 1.7 2.6 0.0 0.0 
47.9 47.6 39.3 51.9 55.5 51.9 52.1 37.9 36.5 40.6 43.6 40.6 31.2 31.2 31.2 32.4 33.7 1.7 1.7 2.6 0.0 0.0 
46.1 4 5 . 9 - 3 7 . 8 50.2 53.6 50.2 54.0 39.4 37.9 39.2 42.1 39.2 29.9 29.8 29.9 31.1 32.4 2.6 2 .6 3.5 0.9 0.9 
46.1 45 .9 ' 37.8 50.2" 53.6 S0.2 50.3 36.5 33.7 42.1 45.1 42.1 32.6 32.5 32.6 33.8 “ 35.1 2.6 2.6 3.5 2.6 2.6 
47.4 47.2 42.4 50.2 53.6 50.2 56.0 40.7 37.9 42.1 45.1 42.1 28.5 31.1 33.8 29.8 31.1 9.1 9.1 10.1 7.2 7.2 
42.3 4 3 ^ ^ 43.8 l s T S0.0 46.7 46.8 37.8 36.4 45.1 45.2" 45.1 l T T " 29.8 31.1 29.8 29.8 12.1 14.3 15.4 14.3 14.3 
39.5 39.7 35.1 1 4 8 ^ 52.1 148.7 152.6 39.4 35.5 39.3 39.2 37.8 32.3 29.8 133.7 1 31.1 32.4 12.9 12.9 13.9 11.0 11.0 
Pefcentldentity 
48.9 52.9 40.7 42.3 45.3 42.3 54.3 50.5 39.2 59.0 57.2 57.1 43.6 40.6 43.6 45.1 43.6 48.3 49.9 4 9 ^ 49.9 49.9 
48.9 49.2 42.3 39.2 42.2 39.2 50.5 47.0 1 ^ 59.0 5 ^ 57.1 4 2 T 39.2 42.1 42.1 40.6 46.7 48.3 48.3 4fl.3 48.3 
52.9 56.6 42.2 49.2 52.6 49.2 l s T 50.3 46.9 49.9 l 9 ! F 49.9 4 2 T 45.2 45.2 46.7 45.2 46.7 45.1 45.1 45.1 45.1 
43.6 46.7 43.6 46.7 49.9 46.7 1 ^ 53.4 43.6 53.3 1 ^ 53.3 42.1 43.6 46.7 40.6 40.7 39.2 37.8 39.2 39.2 39.2 
46.9 48.4 l 9 J 50.0 l i T 50.0 46.8 42.1 45.2 42.1 43.6 ~ A ^ 48.4 4 s T 48.4 45.2 46.7 35.1 3 ^ 37.8 s f s " 37.8 
22 23 24 25 26 27 28 29 30 31 32 ~ ^ 34 ~ ^ 36 37 38 39 40 41 42 43 
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Table 20c Sequence pair distances of SRSV (Jotun Hein Alignment) 
with Weighted residue weight table. 
Remark: Please refer to Fig. 39 for identities of the number from 1 to 56. 
Percent Identity 
44 45 41 1,7 .. 1,8 50 51 52 53 51. 55 H 
65.8 65.8 65.8 66.7 88.7 62.4 66.7 71.8 65.8 88.7 59.8 65.0 63.2 1 01.seq 
69.2 69.2 69.2 68.4 70.1 88.7 89.2 70.9 67.5 88.4 63.2 64.1 87.5 2 02.seq 
67.5 67.5 67.5 68.7 88.4 65.0 69.2 69.2 68.7 66.7 62.4 64.1 65.8 3 03.seq 
67.5 67.5 67.5 86.7 8a.4 66.7 69.2 68.4 86.7 67.5 64.1 64.1 65.8 I, D4.seq 
67.5 67.5 67.5 68.7 8B.4 88.7 70.1 88.4 65.8 66.7 83.2 6&.0 65.0 5 05.seq 
68.4 68.4 68.4 69.2 69.2 65.0 69.2 72.6 68.7 65.8 64.1 64.1 65.8 8 oe.seq 
88.7 86.7 66.7 67.5 66.7 68.4 88.4 67.5 64.1 65.8 64.1 84.1 64.1 7 07.seq 
6&.0 65.0 65.0 85.8 64.1 63.2 65.8 68.4 64.1 65.0 66.7 65.0 60.7 8 08.seq 
66.7 ·68.7 66.7 67.5 67.5 65.0 67.5 70.1 66.7 68.4 64.1 64.1 64.1 9 09.aeq 
72.0 72.0 72.0 72.9 72.9 68.6 70.3 75.4 71.2 71.2 67.8 68.1 66.9 10 10.seq 
~ 
• i 
67.8 87.8 67.8 68.6 68.6 64.4 68.6 71.2 69.5 71.2 65.3 64.4 65.3 11 11.seq 
67.8 67.8 67.B 66.9 68.9 71.2 65.3 67.8 81.0 61 .9 84.4 81.9 66.9 12 12.seq 
68.6 68.6 68.8 67.8 67.8 70.3 68.1 67.8 81.9 62.7 63.6 81.9 86.1 13 13.seq 
c 88.9 66.9 66.9 87.8 66.1 70.3 64.4 8S.8 61.9 62.7 83.6 61.9 88.9 11, 14.seq 
86.9 66.9 68.9 87.8 66.1 70.3 64.4 6S.6 61 .9 62.7 63.6 81.9 66.9 15 15.seq 
66.9 86.9 66.9 67.8 88.1 70.3 64.4 6S.6 61.9 62.7 63.6 61.9 88.9 18 18.aeq 
81.9 61.9 61.9 62.7 62.7 84.4 67.8 66.9 62.7 83.6 61.0 62.7 63.6 17 17.seq 
63.8 83.6 63.8 64.4 64.4 66.1 70.3 88.6 83.6 64.4 61.9 65.3 65.3 18 18.seq 
62.7 62.7 62.7 83.8 63.8 6&.3 68.8 87.8 63.8 64.4 61.9 63.6 64.4 19 1S.Hq 
64.4 64.4 64.4 6&.3 85.3 66.9 69.5 89.& 63.6 64.4 81.9 64.4 66.1 20 20.seq 
85.3 6&.3 65.3 88.1 68.1 87.8 70.3 70.3 64.4 6&.3 62.7 65.3 88.9 21 21.seq 
65.3 65.3 65.3 ee.1 88.1 65.3 67.8 69.& 84.4 64.4 62.7 66.9 65.3 22 22.aeq 
65.3 85.3 65.3 66.1 66.1 85.3 68.9 89.5 62.7 64.4 61.0 65.3 64.4 23 23.seq 
89.5 89.5 69.5 70.3 70.3 67.8 88.9 72.0 88.8 67.8 67.S 68.9 69.5 24 24.seq 
62.7 82.7 62.7 83.6 63.6 63.6 65.3 64.4 87.8 89.5 64.4 65.3 63.6 25 25.seq 
8 




Fig. 23 Local SRSV sequence data (nucleotide) were aligned using p-
distance, neighbor-joining method with bootstrap values from 
500 replicates. They were compared with sequence data for the 
typical genogroups I’ IIA and IIB from the GenBank database. 
The calibration bar denotes divergence of 1%. 
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Fig. 24 Local SRSV sequence data were aligned using Tajima-Nei Distance, 
neighbor-joining method with bootstrap values from 500 replicates. They 
were compared with sequence data for the typical genogroups I IIA and 
IIB from the GenBank database. The calibration bar denotes divergence of 
1%. 
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Fig. 25 Local SRSV sequence data were aUgned using Jukes-Cantor, 
neighbor-joining method with bootstrap values from 500 replicates. They 
were compared with sequence data for the typical genogroups I, IIA and 
HB from the GenBank database. The calibration bar denotes divergence 
o f l % . 
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Fig. 26 Local SRSV deduced amino acid sequence data were aligned 
using p-distance, neighbor-joining method with bootstrap values 
from 500 replicates. They were compared with sequence data for 
the typical genogroup I, IIA and IIB from the GenBank 
database. The calibration bar denotes divergence of 1%. 
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Fig. 27 Phylogenetic tree of the local SRSV strains and the published 
sequence data from GenBank database was plotted by TreeView 
CWin32) Version 1.52. 
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CHAPTER 6 DISCUSSION 
Since the disease caused by SRSVs is mild and self-limited, severe 
illness or hospitalization is rare. Therefore not many infected people will 
) 
attend hospital or clinic and seek medical advice especially for adults. The 
retrospective specimens in this initial study were mainly from infants and 
young children. These patients were probably suspected to be infected by 
rotavirus and diagnosis was sought. Specimens collected from adults were 
scanty. However, the situation has changed since 1999 more specimens were 
sent to the Government Virus Unit for the detection of SRSV. Our results 
demonstrated that SRSVs infection is common in Hong Kong during the 
different seasons. The number of outbreaks increased in the cooler months 
(Zahorsky, 1929). Therefore the previous data on the prevalence of SRSVs in 
Hong Kong was all under-estimated (Chan et al., 1994). The number of people 
involved in sporadic outbreaks in Hong Kong is not as much as those found 
elsewhere (Refer to data from GVU, Department ofHealth, Hong Kong SAR). 
The maximum number of victims reported in an outbreak, in a rehabilitation 
complex in December 1998 was about 165. However, if more people were 
involved in each outbreak, it would have caused major disruptions in the 
community. Hospitals and schools had been closed because of the large 
outbreak of SRSV (Kuritsky et aL, 1984). Economic loss will also be 
associated with large scale outbreaks of SRSV. Therefore the impact of SRSV 
infection should notbe underestimated. 
The detection of the viruses using RT-PCR depended greatly on the 
method of RNA extraction (Hale et aL, 1996). Boom's method of RNA 
extraction (Boom et al, 1989) was used in this study. Another commercially 
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supplied RNA extraction kit from QLA.GEN had also been compared. Both of 
their designs were based on silica particles and membrane; and the extraction 
buffer of guanidine isothiocyanate to extract the total RNA. Series of 10-fold 
^, 
dilutions of the stool emulsion of a selected sample was used to compare the 
two extraction methods followed by RT-PCR. Their highest dilution that could 
>5 
be detected in both extraction methods was the same (i.e. 10" ) for the selected 
specimen (Data not shown). The detection rate of the viruses in the faecal 
samples circulating locally had thus been increased by the use of the RT-PCR 
when compared with that by EM, a method that requires 10"^  -10^ particles/ml 
of stool specimen (Gray, 1991). 
Comparatively the in-house Boom method was cheaper, but the 
commercial one was much easier to manipulate and the time spent on 
extraction was shorter. It was also found that silica particles, used in Boom 
method, carried forward in the extracted elution would inhibit the steps on 
cDNA synthesis and followed PCR. It had been shown that some of the initial 
PCR negative samples became positive upon repeated testing. The use of the 
RNA extraction kit from QL\GEN did not have such inhibitory phenomenon. 
Li this study, inosine-primers from the polymerase region were used 
for the PCR. They were genogroup specific and contained common amino 
acid motifs of GLPSG and YGDD at the upstream and downstream ends 
(Lambden et al” 1993). They were known to be conserved among the 
caliciviruses. Phylogenetic analysis of the SRSVs in the family Caliciviridae 
was mainly based on the nucleotide and amino acid sequences of this 3D 
RNA-dependent RNA polymerase (about 470 nt) and the capsid region (about 
1,200 nt) to create phylogenetic trees. However, capsid regions are 
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hypervariable when compared to the polymerase region (Green et al., 1995a). 
For that reason, the nucleotide sequences (from the polymerase region) of 
SRSV are being commonly used for the phylogenetic analysis in different 
^, 
laboratories around the world. 
RT-PCR can detect SRSV strains well. However, the used inosine-
containing primers may not differentiate SRSV strains well. In this project, it 
had been found that cross reactivity of the genogroup specific primers existed. 
RT-PCR in the capsid region may help to differentiate strains, but greater 
sequence diversity has limited this application. In this study, electrophoresis 
analysis of the PCR products indicated that the majority of the specimens 
belonged to genogroup II or cross-reactive to both genogroup I and 11. On the 
whole, only 4 faecal samples showed bands of the expected size for genotype I 
only. However, upon successful sequencing analysis, 2 of the 4 clinical 
specimens (13069/88y^K and 14403/89yHK) did not show distinct clustering 
with genogroups I IIA and IIB. On the contrary, they had closer relationship 
with the Japan strain - D82330 O^akayama et al., 1996); while the 
13660/92AIK was related to genogroup II-B. D82330 was related to the 
Taunton virus that belonged to genogroup II. On the phylogenetic tree, the 
D82330 related strains appeared that they were genetically distinct but still 
related to genogroup I. Mis-priming of the 4 stool specimens and classified 
them as genogroup I in the RT-PCR might be a possible explanation. 
Although detection seems to be more important than differentiation of SRSV 
in the routine diagnostic laboratories, studies of epidemiology will rely mainly 
on differentiation if sequencing techniques are available. For these reasons, in 
addition to simple and sensitive RT-PCR method, more specific genogrouping 
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primers can also help to differentiate the strains of SRSVs in routine 
diagnostic specimens. If sequence analysis can be performed, we may 
accurately monitor the variety of strains, the appearance and disappearance of 
^, 
certain strains over time. 
From the result of specificity test of the inosine-containing PCR 
primers, ifco-infection (for the Calicivirus and SRV EM-reported specimens) 
was the reason for the previous EM detection, the specificity of the primers for 
the SRSV-PCR was high. Sequencing confirmed the detection of SRSV in 
these stool specimens. In addition, upon BLAST homology searching, all the 
sequences obtained from the amplicons, in this study, were all concluded as 
SRSV related. 
The detection rate of RT-PCR for the archive specimens was about 
85% when compared to EM. As it had been discussed previously, it had been 
proved that inhibitor(s) was presented in the reactions. In addition, long 
storage, repeated freeze and thraw and deterioration of the stored specimens 
might be the other reasons. However, based on the faecal specimens obtained 
from recent sporadic outbreaks (data not shown), the detection rates for RT-
PCR and EM were 56.5% and 6.5% respectively. Data for the comparison for 
the shellfish was not available because EM did not investigate these kinds of 
specimens in our laboratory. 
Liosine-containing PCR primers are capable of detecting a wider range 
of SRSV sequences than the conventional degenerate primers without loss of 
PCR specificity (Green et aL, 1995b). The PCR detected SRSVs in most of the 
local outbreaks (since 1999) that were negative by EM, showing the 
115 
potentially greater sensitivity ofthe PCR than the EM that requires the clinical 
specimens to have at least 10"^  to 10"^viral particles/ml. 
The application of the inosine-containing primers at the polymerase 
^, 
region used in this study had been tested on the shellfish in our lab. However, 
due to the facts that it was a single round PCR and the quantity of SRSV 
particles was very low in the shellfish meat that might also contained potent 
inhibitors for the RT-PCR. For these reasons, the result expected bands were 
very faint. Sequencing the amplicons from these samples might not be 
succeeded. Besides these, re-amplification of the PCR products prior to 
sequencing had also been tried. But the results were not interpretable. Jn order 
to overcome these problems, there is a need to use semi- or nested PCR 
(Green et aL, 1998) with different primer sets used for the first and second 
PCR. Concentration and purification of the DNA in the expected bands in the 
agarose gel after electrophoresis prior to direct sequencing had also been 
tested. The initial results were promising, but further evaluation is still needed 
for improvement (data not shown). As a result, we can improve the techniques 
to give consolidated results for RT-PCR and sequencing together. Furthermore 
we may apply the procedures to monitor the commercial shellfish for any 
contamination and the incidences of gastroenteritis due to any consumption of 
the contaminated shellfish. 
For the sequencing work, 155-bp PCR products were cloned to the 
vector called 'pGEM T Easy prior to sequencing. At least one clone from 
each specimen was selected for sequencing with the primers specific for the 
vector. Forward and reverse sequencings were performed. Then pairwise 
alignment of both strains from opposite directions was carried out for each 
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specimen. The regions contained the sequence of the plasmid and the primer 
regions ofthe PCR were trimmed and excluded from the analysis. After that, 
the length of the sequence of each specimen was about 110 bp for further 
analysis. Softwares of DNAstar package, Simmonics MEGA, CLUSTAL X 
and TreeView were used to perform the sequence analysis. The use of more 
than one software could offer the opportunity to compare the sequences using 
different methods and parameters set in different programs. Multiple 
alignments were performed with a range of members from the family 
Caliciviridae in the database from GenBank. They included genogroup I (e.g. 
NWV DSV, SOV, etc.) and genogroup II included genogroup ILA. and IIB 
(e.g. Lordsdales virus, Camberwell vims, Hawaii virus, SMA, TV, and some 
Japanese strains). In order to test the percentage of confidence, bootstraps with 
500 replications or resamplings were carried out with the software MEGA. 
Some of the values at the minor branch points in the tree were very low; 
however, the major clusters of the isolates were well maintained in the tree. 
Strains from 30 out of42 (71.4%) specimens were shown to contain viruses 
with the genogroup II. The percentage of homology was between 78.8 -
91.5% with the different selected genogroup II sequences from GenBank, such 
as Lordsdale, Hawaii, SMA and Melksham viruses. On the other hand, 12/42 
(28.6%) specimens contained viruses with high homology to the Japanese 
isolate, D82330 (i.e. 87.3 - 100%). D82330 was published as genogroup II 
virus and claimed to be related to Taunton virus. However, the cluster 
contained D82330-related viruses was very distinct from the genogroup IIA 
iro and even genogroup I which was related to NWV, SOV and DSV. Two 
different clones from the specimen 11036/87/HK shown tiiat it contained 
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( 
mixed viruses found in two different clusters in the phylogenetic tree. They 
were SMA- and D82330-related. The explanation for this finding might be due 
to dual infection of two different strains (Sugieda et aL 1996; Gray et al., 
^, 
1997) at the same time. So far none of the local strains were related 
significantly to genogroup I in this study. The sequence specimens spanned 
the period from 1986 to 1992. These epidemiology studies showed that the 
prevalent strains were mainly genogroup IIB and D82330 (Taunton-related) 
strains. 
Based on the findings from the sequence analysis for the local SRSV 
strains, theoretically, we may find out the common conserved regions and 
make use ofthe techniques ofbaculovirus expression system to design ELISA 
for the detection ofthe SRSV. In that way, any inhibitor occurs in the RT-PCR 
may not affect the reaction in an ELISA because RT-PCR is nucleic acid 
dependent; while the ELISA depends on the detection of the soluble antigen in 
the stool. The sensitivity and detection rate may be improved. In other words, 
antigen capture method can be applied to the detection of SRSVs in stool 
specimens and the shellfish if antibody against the SRSVs can be obtained 
through the techniques of bacdovirus expression system 
So far there are no specific antiviral therapy and vaccine for SRSVs or 
other human calicivims gastroenteritis. Immunity is not permanent and 
reinfection can occur. Therefore the pattern of immunity to SRSVs is very 
complicated because there is still no vaccine that can produce long-lasting 
immunity. Therefore immunity was found to be absent in those rechallenged 
volunteers. However, the use of virus-like particle subunit vaccines that are 
delivered orally and induce a mucosal response and protection from the virus 
118 
infection is still being evaluated (Ball et a/.,,1998). In addition, expression of 
Norwalk virus genes with different vectors and testing the interactions of the 
virus with different cell lines and tissues derived from the gastrointestinal tract 
^, 
may help us to understand the replication of the Norwalk and Norwalk-like 
viruses. Ifthe understanding ofthe virus replication and virus-host interaction 
can be acquired, then the possibility of developing an effective vaccine for the 
virus will be a success. 
Since Hepatitis A, Norwalk and NorwaUc-like viruses are commonly 
found in shellfish tissues, it is worth detecting all these viruses simultaneously 
with the PCR. Atmar (Atmar et al., 1995) had developed such (all-in-one, 
PCR to detect the viruses just mentioned. He claimed that the assay had been 
tried on oysters and clams. It was shown to be faster and more sensitive than 
the earlier used method (Atmar et al., 1995). M that way, Hepatitis A, 
Norwalk and/or Norwalk-like viruses can be identified simultaneously. 
To conclude, different strains of SRSV have been isolating globally, 
e.g. in USA, UK Netherlands, Saudi Arabia, China, Japan, Australia, Canada, 
and the like. Before the use of molecular techniques, NWL viruses can be 
isolated by the conventional EM method in Hong Kong. After the application 
of molecular methods, not only can the detection rate be increased, but we 
may also have the opportunity to investigate the strains that have been 
circulating locally, hi addition, direct-sequencing (Appendix V) can be used as • 
an alternative method to obtain sequence data of the viruses without cloning 
prior to sequencing. In other words, prompt identification of SRSVs in stool 
specimens and contaminated shellfish is possible. It may help us to locate the 
source of infections within 2 days upon the reception of the right sample 
119 
collected at the right time. As a result, we may take up better role of 
surveillance of gastroenteritis caused by SRSV. In that way, mode of 
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Fig. 28 Electron micrograph of SRSV particles. 
The scale bar represents 200 nm. 
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APPENDIX II 
Confirmation for the specificity test 
(a) Confirmation of a specimen with EM negative result as a Norwalk Uke 
virus: 
TTGCACCTCG CAATGGAATT CATCGCCCAT TGGCTCCTCA 
CCCTTTGTGC ACTCTCTGGA AGTCACGAAC CTGTCCCCTG 
GACATCATAC AGGCTAAATT CCCTATTTTC TTTCTACGGG 
CGGATGATGA AAATCGTA 
The sequence was confirmed as a Norwalk like virus with gene for the 
RNA-dfependent RNA polymerase. The percent of homology was 95.7% 
(112/117) when compared with AB021463 from the GenBank. 
(b) Confirmation ofthe Calicivirus (EM result) as a Norwalk Uke vinis: 
CTGTCACCTC CCAATGGAAT TCATCGCCCA CTGGCTCCTC 
ACTCTCTGTG CACTCTCTGA AGTTACAAAC TTGTCCCCTG 
ACATCATACA GGCCAATTCC CTCTTCTCCT TCTACGGCGA 
TGACGAAATC GTA 
The sequence was confirmed as a Norwalk like virus with gene for the 
RNA-dependent RNA polymerase. The percent of homology was 95% 
(115/121) when compared with AB025911 from the GenBank. 
(c) Confirmation ofthe SRV (EM result) as a Norwalk like virus: 
ATGGAATTAG CTTGTATGAT GTCGGGGCCT AGTCCTGTCA 
CTTCAGAAAG GGCACACAGA GTAAGCAACC AGTGGGCAAT 
GGAGTTCCAC TGTGAGGTGC AAGGCACCCC AGACGGCAGC 
CCTTCA 
133 
The sequence was confirmed as a Norwalk like virus with gene for the 
RNA-dependent RNA polymerase. The percent of homology was 96.8% 




Sequences of amplicons using capsid primers from the region of ORF2 in 
a RT-PCR: 
^, 
(a) The sequence of an amplicon (8918-99): 
CATTCTACAT TCTCGTCATG CTAGCTGGAA ATGCGTTTAC 
AGCTGGAAAG TTGGTCTTCG CCGCAGTTCC GCCTCACTTC 
CCAGTTGAAA ACCTTAGCCC GCAGCAAATC ACTATGTTCC 
CTCATGTGAT TATAGATGTT AGGACTTTAG AACCTGTTCT 
ATTACCACTT CCTGATGTCC GCAACACTTT CTCCCAAA 
The sequence was confirmed to be related to the capsid protein genes of 
Snow Mountain Strain (HCU70059). The percent ofhomology was 87.8% 
(144/164) when compared with HCU70059. 
(b) The sequence of an amplicon (1266-99): 
ATACCCATTC TACATTCTCG TGCTACTTGC CGGGAACGCG 
TTCACAGCAG GAAAACTAGT GTTTGCAGCA ATTCCCCCAC 
ATTTCCCTAT TGAGAACCTT AGTCCTGGGC AAATTACAAT 
GTTCCCCCAT GTGATCATTG ATGTTAGGAC ATTAGAACCT 
GTACTTTTGC CCCTCCCAGA TGTCCGCAAC ACTTTCTCCC 
AA 
The sequence was confirmed to be closely related to the capsid protein 
genes of Lymington>^94AJK. The percent of homology was 97.1% 
(170/175) when compared with the Lymingtony'94/UK. 
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APPENDKIV 
The ampticons (in an outbreak) of RT-PCR using primers from ORFl 
were confirmed to be Norwalk like viruses. 
^, 
(1) The sequence of an amplicon (25790-99) from an outbreak was confirmed 
to be closely related to the Human calicivirus gene for RNA-dependent 
RNA polymerase of AB019275. The percent of homology was 98.4% 
(127/129). 
CTGCACCTCC CAATGGAACT CCATCGCCCA CTGGCTTCTC 
ACTCTCTGTG CGCTCTCTGA AGTTACAAAC TTGTCCCCTG 
ACATCATACA GGCTAATTCC CTCTTCTCCT TTTATGGCGA 
TGATGAAAT 
(2) The sequence of an amplicon (25861-99) from an outbreak was confirmed 
to be closely related to the Human calicivirus gene for RNA-dependent 
RNA polymerase of AB019275. The percent of homology was 98.4% 
(126/128). 
TGCACCTCCC AATGGAACTC CATCGCCCAC TGGCTTCTCA 
CTCTCTGTGC GCTCTCTGAA GTTACAAACT TGTCCCCTGA 
CATCATACAG GCTAATTCCC TCTTCTCCTT TTATGGCGAT 
GATGAAAT 
(3) The sequence ofanamplicon (25888-99) from an outbreak was confirmed 
to be closely related to the Human calicivirus gene for RNA-dependent 
RNA polymerase of AB019275. The percent of homology was 98.4% 
(127/129). 
CTGCACCTCC CAATGGAACT CCATCGCCCA CTGGCTTCTC 
ACTCTCTGTG CGCTCTCTGA AGTTACAAAC TTGTCCCCTG 
ACATCATACA GGCTAATTCC CTCTTCTCCT TTTATGGCGA 
TGATGAAAT 
136 
(4) The sequence of an amplicon (25933-99) from an outbreak was confisrmed 
to be closely related to the Human calicivirus gene for RNA-dependent 
RNA polymerase of CVXRNPOD. The percent of homology was 96.8% 
(122/126). 
TTGCACCTCA CAGTGGAACT CCATTGCCCA CTGGTTGCTC 
ACTCTGTGTG CCCTTTCTGA AGTGACAGGA CTAGGCCCCG 











































































































































































































































































































































































































































































































































































































Detaite ofall the other results ofPCR using the polymerase primers 
B: : 
euogroupn 
l " b P 
Fig. 30 GeI image ofPCR (pol) (1) 
Lane Lane 
Satt^le ED G^group I Genogroup 0 R«aI resutt 
(upper) flower) 
i i M i ^ i p i i i i i i i i i i i i f S i i i i i i i i i i i ^ i i i i i _ i i i j i M _ f f i M _ | _ _ , i i i _ 
M Ladder 123 M Ladder 123 
1 1932/93mK - i - PCRN~~ 
2 13659/92/HK + ^ + PCRP~~ 
3 13660/92/HK + 3 - PCR1 
4 13928/92mK + 4 + P C R P ~ 
5 14397/92mK : 5 - PCRN~~ 
6 14403/92/HK - 6 - PCRN~~~ 
7 14631/92mK - 7 + ^CR2""" 
8 15478/92AIK : 8 + PCR2~~ 
9 1742/93/HK - 9 - PCRN 
10 negative control - 10 - PCRN 
- - Control 
11 Gpl pos control - 11 -
n Gp2poscontrol - 12 + PCR2 
M Ladder 123 ~ M Ladder 123 
^ a ^ i i B i M i a a a i i ¾ " ' m ‘ • ' ^ ^ • “.‘j¢jflffi^¾ffl¾j^^ff^pa»•att¾iaia»aaLJ^aJMaaLiiMjaaMfli«riial¾jl^ ijifi^^aM_i|_._: | ff|MauiatiiaMfimf^^ 
Table 21 Results of PCR (pol) (1) 
PCRN,PCRnegative; PCR1, PCR positive for genogroup I; PCR2,PCRpositive 
for genogroup II; PCRP, PCR positive for both genogroup 1 and II; GP1 pos control, 
genogroup 1 positive controU Gp2 pos controU genogroup 11 positive control; M, 
DNA molecular weight maricer; ‘+,’ positive result; ‘ - ’ negative result 
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^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ Q B ^ | 
^ m ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ M Genogroup 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H < 1 5 5 b p 
^ ^ ^ H 
^mpm^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ i^ 
E^|^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ '^ ^^ ^^ | 
^^ |ip^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ i^ji^ ^^ ^^  
^^^^^^^^^^I^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H 
H H ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ | ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H Genogroup 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ | ^ ^ | ^ 155 
Fig. 31 Gel image o f P C R (pol) (2) 
T ^ [ S — e r o Ge^group I [ ^ r o u p H F i B a l r S " 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ l ^ ^ ^ ^ j ^ l l ^ ^ ^ ^ ( I I ^ ^ I M H ^ M M H ^ ^ M i i ^ ^ H H I H M i 
I 1932/93 - + PCR2 
~ ~ 2 14397/92/HK - - PCRN 
3 14403/92/HK — + PCR2 
~~"4 1742/93AIK - + PCR2 
~~"5 1235/90/HK : _ PCRN 
6 11855/92/HK - + PCR2 
~~~7 13239/92/HK + PCR2 
~ ~ 8 15039/90/HK - + PCR2 
~ ~ 9 GPl(80274/7/96)~~ + + PCR1 
~~~{0~~ GP2(80233/9/96)~~ + + PCR2 
II WATERCONTROL - - PCRN 
Table 22 Results of P C R (pol) (2) 
®,retested case; PCRN, PCRnegative; PCR1, PCR positive for genogroup I; 
PCR2, PCR positive for genogroup II; PCRP, PCR positive for both 
genogroup 1 and II; GP1 pos control, genogroup I positive control; Gp2 pos 
control, genogroup II positive control; M, DNA molecular weight marker; ‘+ 
positive result;'-' negative result, ‘ equivocal result. 
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: 
M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 M 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ M 155 bp 
^ ^ H H ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ 155 bp 
Fig. 3 2 Gel image o f P C R (pol) (3) 
Lane Sample JD GenogroupI Genogroup U Final result 
1 776/87mK + PCRP 
~ 2 3002/87mK + + PCRP 
~ ~ 3 5408/87mK - - — REPEAT 
~ " 4 5767/87mK - w+ PCR2 
"""5 5944/87mK - — PCR2 
~ " 6 6755/87 - - — PCRN 
~ ~ 7 6845/87mK - - — PCRN 
~~~8 7474/87mK - — PCR2 
"""9 7750/87mK - - — REPEAT 
~ ~ f 0 7946/87mK - - REPEAT 
~ ~ n 8833/87mK ~± + PCR2 
~ ~ n 9125/87/HK - PCR2 
~ ~ l 3 9375/87mK - _ ^ ^ ^ 
~ ~ l 4 9423/87mK - - PCRN 
~ " f 5 9734/87mK - ± PCR2 
~ ~ l 6 GP1 CONTROL + - P^^^ 
~ ~ l 7 GP2 CONTROL - + PCR2 
"""n WATER - - PCR^ 
Table 23 Results of P C R (po\) (3) 
PCRN, PCR negative; PCR1, PCR positive for genogroup I; PCR2, PCR 
positive for genogroup II; PCRP, PCR positive for both genogroup 1 and II; 
GP1 pos control, genogroup I positive control; Gp2 pos control, genogroup H 
positive control; M, DNA molecular weight marker; ‘+, positive result; ‘-’ 
negative result, ‘±’ equivocal result. 
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 M 
^iii^^^^^^^^^^^^^^^^^^^^^^^ppp^pmi^^^^^^^^^^^^^^^^^^^^^^^^^^i 
^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^|^ H^|^ B^ 
^ l ^ b p 
m ^ ^ ^ ^ ^ ^ ^ ^ i ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ M 
^ H H — 
Fig. 33 Gel image ofPCR (pol) (4) 
" " s r f S K T " " " " 7 " s ^ f j s ^ s ^ r p s s r " 
^^^^^^^^^^^^^llll^l^^lll^llll^^l^^llg^^l^^llll^MI^M^I||Mi^^MHiHlrt 
1 10032/87ABC - PCR2 
~"^2 10237/87/HK SMEAR~~~ - REPEAT 
~ 3 11036/87/HK + + — PCRP 
"~"4 13109/87mK SMEAR - REPEAT 
~ 5 13133/87mK - + P^R2 
~ ~ 6 13346/87mK + + — PCRP 
~ ~ 7 13588/87mK + + — PCRP 
~ ~ 8 393/8SmK + + — PCRP 
~ ~ 9 1298/88/HK - + — PCR2 
" ~ l 0 2I27/88MC + + — PCRP 
~ " n 2659/88/HK + — + P^RP 
~ I 2 3188/88mK ± + PCR2 
""^n 4464/8SmK - + PCR2 
~~I4 4696/88mK + ‘ + PCRP 
~~T5 6067/8SmK + + ? 
"""l6 GP1 CONTROL + PCR1 
~ ~ n GP2 CONTROL ± + PCR^ 
~"f8 WATERCONTROL I PCRN 
Table 24 Results of PCR Q>ol) (4) 
PCRN, PCR negative; PCR1, PCR positive for genogroup I; PCR2, PCR 
positive for genogroup II; PCRP, PCR positive for both genogroup 1 and II; 
GP1 pos control, genogroup I positive control; Gp2 pos control, genogroup II 
positive control; M DNA molecular weight marker; ‘+’ positive result; ‘-
negative iesult, ‘ cquivocal result. 
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• 
H ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ B H 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 9 Genogroup 
^ ^ ^ ^ • ^ 
Fig. 34 Gel image ofPCR (pol) (5): Results ofthe genogroup 1 primers 
were repeated on separate gel. 
Lane SampleED | Genogroup I Genogroup H FinaIresult 
" " T T " 6268/88/HK + + PCRP 
~ 2 8677/8SmK + + PCRP 
~ ~ 3 10733/88mK ± + PCRP 
"""4 10975/88mK - - PCRN 
~ " 5 11104/88/HK - ± PCR2 
~ ~ 6 11105/88mK - + PCR2 
~ ~ 7 11595/88mK - ± PCR2 
~ 8 12502/88mK : + PCR2 
~~~9 13069/88mK ± - PCR1 
~~ro 13943/88/HK - - PCRN 
~ ~ n 15418/88mK + + PCRP 
~ ~ U 255/86mK + + PCRP — 
" 1 5 1632/86/HK - ?-(Shift)~~ REPEAT “ 
~ ~ U 1794/86mK ± ± PCRP 
~ [ 5 6548/86/HK + ~~+ PCRP 
~ ~ i 6 GP1 CONTROL + ± PCR1 
~ ~ n GP2 CONTROL ± + PCR2 
~ l 8 WATERCONTROL - - PCRN 
Table 25 Results of PCR (pol) (5) 
PCRN, PCR negative; PCR1, PCR positive for genogroup I; PCR2, PCR 
positive for genogroup II; PCRP, PCR positive for both genogroup 1 and II; 
GP1 pos control, genogroup I positive control; Gp2 pos control, genogroup II 
positive control; M, DNA molecular weight marker; ‘+ positive result; ‘ 
negative result, ‘ equivocal result. 
143 
• — , 
^ ^ ^ H ^ 155 bp 
^ ^ ^ ^ ^ D 
^ ^ ^ ^ H j | H Genogroup 
^^ ^^ ^^ ^^ ^^ |^*^ ^^ ~"*""*** 
Fig. 35 Gel image of PCR (pol) (6) 
T S ^ ^ ^ ^ S ? y * " ^ ^ ^ n - ; _ | ( ^ ^ ^ i r ^ ^ I l 
1 7534/86/HK - PCR2 
~2 8071/86mK + + PCRP 
1 8769/86mK - - PCRN 
~4 8300/86/HK - PCR2 
1 8771/86mK ± + PCRP 
~6 9203/86MK - ± P^R2 
~7 9879/86/HK - ~ ~ PC^^ 
1 4684/89mK + + PCRP 
~9 11473/89mK : - PCRN 
l 0 12040/89mK - + PCR2 
~ n 12283/89mK - _ PCRN 
~U 13307/89mK + + PCRP 
~U 13434/89mK + + PCRP 
1 4 13438/89mK + + P C ^ 
1 5 13568/89/HK + PCRP 
1 ^ GP1 CONTROL + PCR1 
T ? GP2 CONTROL ± + ^ ^ ^ 
T^ WATERCONTROL - _ PCKN 
Table 26 Results of PCR (j?ol) (6) 
PCRN, PCR negative; PCR1, PCR positive for genogroup I; PCR2, PCR 
positive for genogroup II; PCRP, PCR positive for both genogroup 1 and II; 
GP1 pos control, genogroup I positive control; Gp2 pos control, genogroup II 
positive control; M, DNA molecular weight marker; ‘+, positive result; ‘-
negative result, ‘ equivocal result. 
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^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ m i Genogroup 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H 4 _ _ 155 bp 
^ ^ ^ ^ ^ H 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H | H Genogroup 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ _ _ bp 
Fig. 36 Gel image ofPCR (pol) (7) 
Lane Sample TD Genogroup I Genogroup H Final result 
^ ^ ^ ^ g l ^ j l ^ _ ^ ^ j ^ ^ g ^ ^ l l ^ ^ M H H i H ^ H M M H H W M H l i i 
1 13752/89/HK + + PCRP 
14241/89/HK + + PCRP 
1 14403/89AiK + - PCR1 
~4 14628/89AfiC - - REPEAT 
1 3276/90/HK - - REPEAT 
^ 15335/90/HK - + PCR2 
^ ® 1235/90/HK - - REPEAT 
""§ 20551/95/HK - + PCR2 
^ 7032/92mK - - — REPEAT 
"To 13031/92ABC - - — REPEAT 
T i 13376/92mK - PCR2 
"l2 2009/93/HK - _ REPEAT 
~ U 18936/95/HK ± + ^ ^ ^ 
"l4 19059/95yWC - + ^ ^ ^ 
"TS 19527/95/HK - + ^ ^ ^ 
l 6 GP1 CONTROL + PCR1 
T 7 GP2 CONTROL ± + ^ ^ ^ 
^ WATER CONTROL~ - _ VCRN 
Table 27 Results of PCR Q)ol) (7) 
®, retested case; PCRN, PCR negative; PCR1, PCR positive for genogroup I 
PCR2, PCR positive for genogroup II PCRP, PCR positive for both 
genogroup 1 and II; GP1 pos control, genogroup I positive control; Gp2 pos 
control, genogroup II positive control; M DNA molecular weight marker; ‘+ 
positive result;'-' ’ negative result, ‘ equivocal result. 
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^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ _ _ 155 bp 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ _ _ 155 bp 
Fig. 37 Gel image ofPCR (pol) (8) 
" ^ T S _ f l 5 ^ —— I G _ u p r T 5 e n o g n > u p n -[ W r e s u l t 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ j ^ ^ ^ i ^ i i ^ ^ i j ^ ^ ^ ^ ^ i i j i j i ^ ^ ^ ^ i j ^ n g i ^ ^ m ^ ^ ^ g g i ^ i i i ^ n m n g i ^ i i i i g i g i g i i i i i 
1 5410/87yMC - + PCR2 
~2 SlimiWL - + PCR2 
1 6846/87 ™ - PCR2 
~ l 8411/87/HK + + PCRP 
1 346/88mK : - PCRN 
1 4736/88/HK + + PCRP 
1 4654/86/HK + + PCRP 
1 733/89/HK - - PCRN — 
~9 1467/91/raC - - PCRN 
l 0 731/89/HK - + PCR2 
T I 5046/86mK - - — PCRN 
1 2 9166/86mK ± + — PCR2 
1 3 1841/87MK + + PCRP 
1 ¾ WATERCONTROL~~ - _ PCRN 
~Jl WATER CONTROL""" - _ VCRN 
l 6 GP1 CONTROL - - False negative 
T 7 GP2 CONTROL ± + PCR^ 
~f8 WATER CONTROL~~~ - ' ? C ^ 
Table 28 Results of PCR (pol) (8) 
PCRN, PCR negative; PCR1, PCR positive for genogroup I; PCR2, PCR 
positive for genogroup II; PCRP, PCR positive for both genogroup 1 and II; 
GP1 pos control, genogroup I positive control; Gp2 pos control, genogroup II 
positive control; M, DNA molecular weight marker; ‘+ positive result; ‘ -
negative result, ‘± equivocal result. 
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I^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ B j | B Genogroup ^ _ 155bp 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H Genogroup 
^ • ^ ‘ 
Fig. 38 Gel image of PCR (pol) (9) 
W | SaxnplelD - : ... | , , B ^ r ^ ^ | ; … ^ W ^ I I y , : ;:.:| 
1 6755/87yODC - smear ?±shift 
~2 ® 6845/87mK - smear + PCR2 
^ 7750/87mK - smear PCR2 
~4 7946/87mK - ± PCR2 
~5 ® 9375/87mK -smear ± PCR2 
~6 9423/87mK~~ -smear + 
~7 10237/87mK~~ • smear : ^ ^ ™ 
~8 13109/87mK~~ _^± • ?PCR1 
~9 ® 14397/87mK~~~ -smear " PCRN 
"To 10975/88mK~~~ " ± ^ ^ ^ 
H ® 13943/8SmK~~ - • P e ™ 
1 ^ 1632/86mK~~ - ^ PCR2 
~l3 2009/93/HK " • 
"l4 ® 14628/89/HK~~ " ± i 
l 5 ® 11473/89mK - " 
"l6 GP2 CONTROL - + ^ ^ ^ 
T z GP1 CONTROL + - PCR1 
T § WATERCONTROL ^ ^ ^ ^ ^ ^ j ^ ^ ^ ^ ^ ^ ^ j ^ ^ ^ ^ ^ g ^ J g a ^ ^ S S ^ M J l 
Table29 ResultsofPCR(pol)(9) 
® retested case; PCRN, PCR negative; PCR1, PCR positive for genogroup I; PCR2, PCR 
positive for genogroup II; PCRP, PCR positive for both genogroup 1 and II; GP1 pos control, 
genogroup I positive control; Gp2 pos control, genogroup II positive control; M, DNA molecular 
weight marker; ‘+’ positive result;'-' negative result, ‘ equivocal result. 
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m m n m m 
^m'^^ 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ ~ " 155 bp 
Fig. 39 Gel image ofPCR (pol) (10) 
WIBI^ B^ p^l^ BHB^^BIMWi^ ^WBPI WBP^ B^IWBWI^ B^ 
r c ^ $ a m p l e n > GenogroupI Genogroup U Fmalresu ! t 
^ ^ ^ l ^ ^ | ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ | ; ^ ^ ^ ^ ^ ^ ^ g i S ^ ^ i 
1 5408/87 - + PCR2 
1 2127/88/HK + + PCRP 
1 8769/86/HK - - PCRN 
~4 3276/90/HK - - (smear)~~ PCRN 
1 ® 7032/92/HK - + PCR2 
~6 ®13031/92yraC : - PCRN~~ 
^ ® 7534/86/HK - ± PCRN 
1 2127/88/HK + + PCRP 
~9 GP1 CONTROL + PCR1 
l 0 GP2 CONTROL ± + PCR2 
~ n WATERCONTROL - - PCRN 
Table 30 Results of PCR (pol) (10) 
® retested case; PCRN, PCR negative; PCR1, PCR positive for genogroup I; 
PCR2, PCR positive for genogroup II; PCRP, PCR positive for both 
genogroup 1 and II; GP1 pos control, genogroup I positive control; Gp2 pos 
control, genogroup II positive control; M, DNA molecular weight marker; ‘+’ 
positive result; ‘ - ’ negative result, ‘ equivocal result. 
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APPENDIX VII 
RT-PCR results of all the tested specimens using capsid primers 
• 
n ^ ; i i ( ^ ^ e T n § e n L ^ ^ i T ^ 
Lane Sample No. Fmai result 
^ Capsid(Pol) CapsidO>ol) 
1 1932/93/HK -(-) -(+) PCRN 
~ ~ T 14397/92/HK ^ ^ PCRN 
~ " 3 14403/92/HK ^ ^ PCRN 
~ ~ 4 1742/93/HK ^ ^ PCRN 
~ ~ 5 1235/90/HK ^ ^ PCRN 
~ ~ 6 11855/92 ^ ^ PCRN 
~ ~ 7 13239/92/HK ^ + W PCR2 
~ ~ 8 15039/90/HK ^ ^ PCRN 
Table 31 Results of PCR (capsid primers) (1) 
Remarks: PCR results of the samples using inosine-containing primers at 
POL region were in parenthesis. + positive: -, negative; equivocal result; 
PCRN, PCR negative; PCR1, PCR positive for genogroup I; PCR2, PCR 
positive for genogroup II. 
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Getto^rpe l G^mtypti : “ ; _^ 
Eaoe S t o p _ ^ " M m I r ^ . 
; : / : _ , ";: 
1 776/87/HK - ( + (+) PCR2 
~2 3002/87/HK ^ + W PCR2 
1 5408/87/HK ^ ^ PCRN~~ 
"S 5767/87yTIK ^ ^ P C R N ~ 
1 5944/87/HK T ^ ^ PCRN~~ 
~6 6755/87/HK ^ ^ P C R N ~ " 
1 6845/87/HK ^ ^ PCRN~~~ 
1 7474/87/HK ^ ^ PCRN~~ 
1 7750/87/HK ^ ^ P C R N ~ " 
l 0 7946/87/HK ^ ^ PCRN~~~ 
T\ 8 8 3 3 / 8 7 ^ ± W P ^ ~ ~ ~ 
l 2 9125/87mK T ^ ± ^ P ^ ~ ~ 
TS 9375/87/HK ^ ^ PCRN 
l 4 9432/87/HK T ^ ~ ~ ± W PCR2 
H 9734/87 T ^ ^ PCRN 
Table 32 Results of PCR (capsid primers) (2) 
Remarks: PCR resuh of the sample using inosine-containing primers at POL 
region was in parenthesis. + positive: -, negative; equivocal result; PCRN, 
PCR negative; PCR1, PCR positive for genogroup I; PCR2, PCR positive for 
genogroup H. 
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" * " " T * ^ ^ * * " " ^ ^ ^ " ^ ^ ^ " T " S ^ T ^ ^ S ^ " r P " " " ^ ^ ^ 
‘ . _ _ „ ' > r ^ , = n : ^ J * ^ _ 
^ : " J . " , C _ _ y C a p i # ^ ? “ -
i i i i i M i i i i i i l i i i i i i i i r i i H i i H i i i i i H i i M i i K i M M i i i H i i H i i i M t t i i M M i l i i i M i i 
1 10032/87/HK -(-) +(±) PCR2 
^ 10237/87yTIK ^ ^ PCRN 
1 ~11036/87/HK ^ ^ P C R N “ 
1 13109/87/HK ^ ± 0 P ^ ~ 
1 13133/87/HK ? I O ^ 5 ^ ~ ~ 
~6 13346/87/HK ^ + « P ^ ~ ~ 
1 1 3 5 8 8 / 8 7 ± W + W P ^ ~ ~ 
1 393/88/HK ± M ^ ?PCR1 ~ ~ 
^ 1298/88/HK ^ ^ P ^ ~ ~ 
l 0 2127/88yTDC I w ^ ?PCR1 ~ ~ 
T T 2659/88/HK ^ ^ F ^ P ^ ~ " 
l 2 3188/88/HK ^ ^ ^ ~ PCR2 
~ n 4464/88/HK ^ + ^ ~ P^R2 
l 4 4696/88/HK ^ ^ ~ ~ PCRN 
T s 6067/88y^K ^ ^ P C R N ~ 
Table 33 Results of PCR (capsid primers) (3) 
Remarks: PCR result of the sample using inosine-containing primers at POL 
region was in parenthesis. +, positive: -, negative; equivocal resuU; PCRN’ 
PCR negative; PCR1, PCR positive for genogroup I; PCR2, PCR positive for 
genogroup II. 
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t' ‘ ‘ ^ ‘ ‘ Gemt^e 1 G ^ i o ^ e Z ^ ” ‘ ‘ ::,y 
_ e : " S _ _ ‘ ; 4 v W ' 4 ^ , * % ^ f a % / 
^V ^ ; . " , : ^ ; v . , ^ , : ^ ^ _ :; 4 „::— , , : 
^ ^ ^ g i ^ ^ i i ^ H ^ ^ ^ g M i ^ M ^ M ^ M ^ i M h i i i i i i a i i i 
1 6268/88y^K - (+) - (+) PCRN 
1 8677/88mK ^ ^ ) P ^ “ 
1 10733/88/HK ^ + W P ^ ~ 
1 10975/88 ^ ^ P C R N ~ " 
1 11104/88/HK ^ ) ^ P ^ “ 
~6 11105/88mK ^ ± W 5 ^ ~ 
1 11595/88/HK T ^ ± W ^ ~ ~ 
1 12502/88y^K ^ + W ^ " “ “ 
1 13069/88/HK ^ ± ) - (-) PCRN 
l 0 13943/88mK ^ ^ PCRN 
T i 15418/88/HK ^ ^ PCRN 
1 2 255/86/HK ^ ^ ~ PCR2 
1 3 1632/86/HK ^ ± W ~ ~ ?PCR2 
1 4 1794/86/HK ^ ^ ~ 
1 5 6548/86/HK ^ ^ ~ ~ ~ PCRN 
Table 34 Results of PCR (capsid primers) (4) 
Remarks: PCR result of the sample using inosine-containing primers at POL 
region was in parenthesis. + positive: - negative; equivocal result; PCRN, 
PCR negative; PCR1, PCR positive for genogroup I; PCR2, PCR positive for 
genogroup H. 
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p g s p i g n j n p m i j n n i — m n — i p n B — p w w w " " w ^ Y — 
‘ : “ ‘ . ‘ < ”00rnm^t G e t t ^ e ^ ^ ^ . ^ / / 1 . „ . 
_ ' , ? : ‘ ” , , : e ^ ^ . ¥ # ^ ^ 4 1 _ 
Capsid (Fol) Capsid(Fol) 
M i l i i i l M H i H M l i M H i i w 4 t t H M M M I H M i H M H H i i i H M M M M I 
1 7534/86/HK - ( - ) - ( PCRN 
~2 8071/86/HK ^ ^ PCRN~~ 
~3 8769/86/HK ^ ^ PCRN 
^ 8300/86/HK ^ ^ P C R N ~ ~ 
1 8771/86AIK ^ ^ P ^ ~ ~ 
1 9203/86/HK ^ ^ P C R N “ “ 
^ 9879/86/HK T T ^ PCRN 
1 4684/89y^K ^ ^ P C R 2 ~ ~ 
~9 ‘ 11473/89/HK ^ ^ PCRN 
l 0 12040/89/HK ^ + W PCR2 
T \ 12283/89/HK ^ ^ PCRN 
1 2 13307/89/HK ^ ^ P C R N ~ ~ 
1 3 13434/89/HK ^ ^ PCRN 
T 4 13438/89/HK ^ ^ PCRN 
"f5 13568/89AflC ^ ^ PCRN 
•I.. .i___ . , . _ _ _ - l l J _ llllTin..__MMJ 
Table 35 Results of PCR (capsid primers) (5) 
Remarks: PCR result of the sample using inosine-containing primers at POL 
region was in parenthesis. + positive: - negative; equivocal result; PCRN, 
PCR negative; PCR1, PCR positive for genogroup I; PCR2, PCR positive for 
genogroup H. 
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: ^ ^  , \ , Genotype 1 G e » 0 % e 2 , _ ^ 
Laae ~ Sampte N o ^ . , ^ , ^ _ . . z rHx^^^^w 
: - … / - ,; &, 
^ ^ ^ ^ ^ i ^ ^ ^ j ^ ^ ^ ^ i i ^ ^ ^ ^ ^ i g ^ ^ H H i M i i H H H H M M i i i M i H i M i H i i i i 
1 13752/89/HK -(+) -(+) PCRN 
~2 14241/89/HK ? W ^ " ~ ~ PCRP 
1 14403/89/HK ^ ^ PCRN 
1 14628/89 ? 0 ^ PCRN 
1 3276/90/HK ^ ^ PCRN 
1 15335/90/HK ^ ^ PCRN 
~ j ®1235/90/HK ^ ^ PCRN 
1 20551/95/HK ^T0 ^ ~ PCRP 
1 7032/92/HK ^ ± « ~ " PCRN 
T o 13031/92yTIK ^ ^ PCRN 
T i 13376/92AK ^ PCR2 
1 ^ 2009/93/HK ~ ^ ^ PCRN 
l 3 18936/95/HK ± W + (+) 
l i 19059/95 + 0 ^ PCRP 
l 5 19527/95/HK ^ ^ PCR2 
l l l l _ l ^ ^ ^ ^ l ^ l ^ ^ l _ I ^ I I I B I H ^ m H M I ^ H M L M H i w H l 
Table 36 Results of PCR (capsid primers) (6) 
Remarks: PCR result of the sample using inosine-containing primers at POL 
region was in parenthesis. repeated case; + positive: - negative; 
equivocal result; PCRN, PCR negative; PCR1, PCR positive for genogroup I 
PCR2, PCR positive for genogroup II; PCRP, PCR positive for both genogroup 
1 andn. 
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_ ^ ^ ^ ^ ^ ^ _ ^ _ ^ i ^ ^ ^ ^ ^ ^ g ^ M I ^ M I ^ M ^ H M t a t e M i H l M M M i M H 
1 5410/87/HK -(-) + (+) PCR2 
~2 5770/87/HK ^ ) (+) P C [ 
1 6846/87/HK ^ ~ " - (+) PCRN 
1 8411/87/HK ^ ) ^ ) ~ ~ " PCRP 
1 346/88/HK ^ _ (") 
~6 4736/88/HK ± W - (+) PCR1 
1 4654/86 ± W - (+) PCR1 
1 733/89/HK ^ _ (-) PCRN 
~9 1467/91/HK ^ - (-) PCRN 
l 0 731/89/HK =T^ - (+) PCRN 
7 1 5046/86/HK ^ - (-) PCRN 
1 2 9166/86y^K ^ + (+) PCR2 
1 3 1841 /87mK ^ + W PCR2 
I ^ ^ ^ ^ ^ ^ ^ I ^ B B 0 I ^ ^ H H H ^ I i M I H I H J H H w U H H I 
Table 37 Results ofPCR (capsid primers) (7) 
Remarks: PCR result of the sample using inosine-containing primers at POL 
region was in parenthesis. +, positive: -, negative; equivocal result; PCRN, 
PCR negative; PCRl PCR positive for genogroup I; PCR2, PCR positive for 
genogroup II; PCRP, PCR positive for both genogroup 1 and H. 
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^ _ g g ^ ^ ^ i ^ ^ 0 ^ ^ 0 ^ ^ H ^ M ^ M i i ^ H i H M H i i H M i M i i i i i i i i 
1 6755/87/HK - (-) - (-) PCRN 
~2 ® 6845/87/HK ±00 + (+) PCR^ 
1 ® 7750/87mK T ^ ( PCR2 
~4 7946/87yHK ^ ( 
1 ® 9375/87/HK ^ - ( PCRN 
~6 9423/87y^K ± 0 + (+) PCR2 
~7 ©10237/87 ^ ^ PCRN 
1 ®13109/87/HK ± W - (-) PCR1 
~9 ®14397/92/HK ^ ^ PCRN 
l 0 ®10975/88yTSK ^ - (±) PCRN 
~U ®13943/88/HK ^ _ (") PCRN 
1 2 ® 1632/86/HK ^ (+) ^ ^ ^ 
1 3 2009/93/HK ^ W PCM 
T i ®14628/89/HK ^ " ( PCRN 
l[5 ®11473/89/HK ^ T ^ PCRN 
Ti I — • _ — 
Table 38 Results of PCR (capsid primers) (8) 
Remarks: PCR result ofthe sample using inosine-containing primers at POL 
region was in parenthesis. + positive: -, negative; equivocal result; PCRN, 
PCR negative; PCR1, PCR positive for genogroup I; PCR2, PCR positive for 
genogroup H. 
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1 ®5408/87yaiK -(-) +(+) PCR2 
^ 2127/88/HK ± W ± « " ~ ^ ^ ^ 
1 ® 8769/86/HK ^ _ (") ^ ^ ^ 
^ 3276/90/HK ^ _ (_) PCRN 
® 7032/92/HK ^ B ± ^ ~ ~ ~ PCRP 
1 1 3 0 3 1 / 9 2 ^ ^ P C R ^ 
~j ® 7534/86/HK T ^ _ (±) P C ^ 
1 ® 2127/88/HK I W (+) PC^^ 
^ ^ ^ l ^ j ^ ^ ^ l ^ ^ ^ H B ^ H H i ^ M i M w L w H 
Table 39 Results of PCR (capsid primers) (9) 
Remarks: PCR result of the sample using inosine-containing primers at POL 
region was in parenthesis. ’ repeated case; + positive: - negative; 
equivocal result; PCRN, PCR negative; PCR1, PCR positive for genogroup I 
PCR2, PCR positive for genogroup H. 
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APPENDKVra 
Mini prep analysis 
K J * ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ | ^ ~ 198BP 
Fig. 40 Mini prep analysis (090698) 
Lane 1, 2 - 776A; lane 9 10 - 11036A; lane 11 12 - 13346A; lane 13, 14 -
393A; lane 15 16 - 2059A; M denoted Lambda DNA-Hind mA|)X-174 DNA-
Hae in Digest. The first one in each pair was digested and the ktter was intact 
plasmid DNA. 
m ^ ^ ^ B ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ B m ^ i98BP 
Fig. 41 Mini prep analysis (110698A) 
Lane 3, 4 - 13069A; lane 5 6 - 1841B; lane 7, 8 - 13659B, lane 13 14 -
13659A; lane 15, 16 - 13659A; lane 17 18 - 13069A. M denoted Lambda 
DNA-Hind _ X - 1 7 4 DNA- Hae III Digest. The first one in each pair was 
intact plasmid DNA and the latter was digested plasmid DNA. 
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Fig. 42 Mini prep analysis (140698B) 
Lane 1 2 - 1794A; lane 3, 4 - 8071A.. M denoted Lambda DNA-Hind lll/^X-
174 DNA- Hae III Digest. The first one in each pair was intact plasmid DNA 
and the latter was digested plasmid DNA. 
I ^ M ^ H ^ I ^ ^ ^ H ^ I ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H 
mBBBBBBBBM 
^ Q Q Q Q Q Q Q Q [ ^ 3 
mm-
Fig. 43 Mini prep analysis (110698B) 
Lane 1,2-13069A; lane 3,4-1841B; lane 5,6-1841B; lane 7,8-13659B; lane 
9,10-13659B; lane 11,12-13659B; lane 13,14-776B; lane 15,16-776B. M 
denoted Lambda DNA-Hind III/(|>X-174 DNA- Hae III Digest The first one in 
each pair was digested plasmid DNA and the latter was intact plasmid DNA. 
159 
m d * 
Fig. 44 Mini prep analysis (190898A) 
Lane 5,6 - 8771A; lane 7 8 - 4684A; lane 9 10 - 13307A; lane 11 12 -
13434A; lane 13, 14 - 13438A; lane 15, 16 — 13568A; lane 17,18 - 13752A. M 
denoted Lambda DNA-Hind llV^XA14 DNA- Hae III Digest. The first one in 
each pair was digested plasmid DNA and the latter was intact plasmid DNA. 
M 1 2 3 4 5 6 7 8 9 1011 12 13 1415 161718 M 
^ H ^ P T Q E H S 
^ ^ ^ ^ ^ ^ ^ ^ ^ H | ^ 1 9 8 B P 
Fig. 45 Mini prep analysis (190898B) 
Lane 1 2 - 14403A, lane 3, 4 _ 4654A, lane 5, 6 _ 1841A, lane 7 8 - 3002A, 
lane 9, 10 -4654B, lane 11 12 - 2009B, lane 15, 16 - 877A, lane 17 18 -
4684A. M denoted Lambda DNA-Hind III/+X.-174 DNA- Hae III Digest The 
first one in each pair was digested plasmid DNA and the latter was intact 
plasmid DNA. 
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m ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ g f ^ 198 BP 
Fig. 46 mini prep analysis (240898A) 
Lane 1 2 - 13346B, lane 3, 4 - 13346B, lane 9 10 - 393B, lane 11,12 - 393B. 
M denoted Lambda DNA-Hind in/(|)X-174 DNA- Hae III Digest. The first one 
in each pair was digested plasmid DNA and the latter was intact plasmid DNA. 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ m i i ^ ^ 
I ^ B B 
Fig. 47 Mini prep analysis (240898B) 
Lane 2 _ 255B, lane 3 - 255B, lane 6 - 4684B, lane 7 - 4684B, lane 8 - 13434B 
lane-9 -13752B, lane 10 - 13752B. M denoted Lambda DNA-Hind III/(|)X-174 
DNA- Hae III Digest. They were all digested plasmid DNAs. The intact ones 
were nm and confirmed on a separate gel. 
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^MmiMi^M^Mr irrriV f t^^^^^^^^^M i . m i . T i i r t M M — ^ ^ a ^ ^ M W M M ^ ^ ^ ^ ^ T * * * * * * * * * * * — — — — — — I ^ M 
g g g m 2 5 Q ^ ^ 3 E S E E 3 i S S B B 3 H B H 
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^ ^ ^ ^ ^ ^ H | | ^ ^ H ^ ^ ^ ^ ^ ^ ^ ^ ^ H 
S ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ E ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H 
^^^^^^^^^K^^^^^^^^^^^^^M<-
Fig. 48 Mini prep analysis (280898A) 
Upper lane 5 6 - 2659B; lane 9 10 - 6268B; lane 11 12 - 6268B; lane 13 14 -
1794B; lanel5-intact plasmid DNA ofT4B. 
Lower lane 2- digested 1794B; lane 3 4- 1794B; lane 7 8 - 13588B; lane 9, 
10 - 13588B. M denoted Lambda DNA-Hind III/(|)X-174 DNA- Hae III Digest. 
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